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ABSTRACT 

STITE (Scientific and Technical Tnforiation Transfer 
for Education) is basically a sys::ei to interlace between science 
inforiation and the science learner. As such STITE acts as a link 
between STIC (Science and Techr:o'«ogy Inforialioi) Centers) and lis 
(Learning Inforiation Systeas) . A :ter an introduction to the goals 
and objectives of the ongoing lei^earchr the three lain systeis (STICf 
LIS, and STITE) are analyzed a.d described. Included are data tables 
describing 99 science inforiation centers throughout the country. A 
liter?. ::ure survey covering proaraied instructional laterialsr 
coiputer assisted instruction, aadio visual&r and self-instruction 
follows. (See also IR 001 048 and IR 001 049.) (NH) 
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PART ONE 
GOALS AND OBJECTIVES OF RESEARCH 

I. INTRODUCTION 

Research and develojinent in the field of science infornation during 
1±e ptCt decade has resulted in the establishment of large banks of des- 
criptive inforroition and bibliographic data. Stored on digital and analog 
media, these ooUections, along vdth the organization and dissendnaticn of 
Iheir data and infornation, oc3n^irise science and technical information 
centers, or science infornation systems. 

So far, the almost exclusive clientele of science infomation 
systems hes been the caimunity concerned vdth research, development and 
production of either ideas or goods. It is logical that the scientific and 
technical research ooimunity be considered as the principal beneficiary of 
science information systems: the impetus for the establishment of these 
systems was given by concern with the efficiency of scientific research 
and development in a society in vMch both the quantity of science infonra- 
tion and the number and variety of its users have registered a substantial 
growth trend. At the same time, however, the scientific research community 
as a market is not characterized by either the volume or the ft^uency of 
inforroation use which would exhaust the capacity and potential of present- 
day science informaticn systems. It is thus very appropriate to inquire 
vdiether the contents and services of these systems can be made available to 
science endeavors other than research and development. Ihe appropriateness 
of this inquiry is unquestionable; science infomation is a social and 
national resource vdiose value potential is closely related to the level of 
its prudent use. 

In searching for other markets for science information, the obvious 
direction is to look toward human activities which are heavily dependent on 
infomation inputs frcm exterrnl "science memories." Obviously, hvman 
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science leaining is an exairple of such an activity rAiidh. fundamentally de- 
pends on infoimation transfer fran external infornation sources into the 
human mind. Science education, the organized social system for such 
learning, is intuitively an attractive market foi'' science infonnation. 

Ihe notion of a symbiosis between science infbmation and leazning 
is not new, although until very recently it has received little overt 
attention. VJatson Davis [Ref .l],is reported having observed "a curious 
lack of follow-up among documentalists" to the Utopian idea of a "vrorld 
brain" suggested by H. G. Wells— a centralized store of knowledge used 
for education, ^bre recently, the Hhteruniversity Comnunicatians Council 
proposed to bring the contents of various existing and potential informa- 
tion stores to bear on the educational process; after an initial period of 
enthusiasm [Ref. 3], the concept still remains to be seriously explored, as 
do the premises vAiich led to the "networks for knowledge" Federal legisla- * 
tion of the inid-1960's. Apart from a few serious advocates of such a 
synibiosis [Ref.^t], the respective orientations of science information and 
education have remained diverse, even on occasions when the two met to 
ooranunicate on a shared platform of educational technology. 

Within the past year, however, several events are indicative of a 
high level concern with the relationship of science information and educa- 
tion. Prominent among these is a study by the Organization for EcononsLc 
Cooperation and Development entitled Information for a Changing Society 
(OECD, 1971). In response to a major conclusion of this study (that "in- 
formtion systems of the future must be dynamic, capable of educating, and 
adaptable to the changing educational systems of the world") OECD recom- 
mends that "evaluation of educational requiremEsnts of modem societies 
should take account of the need for informat5.on transfer systems that are 
better adapted to the continuing re-education of adults*" 

In a parallel vein, specific atrtention has now been drawn to the 
necessity of adapting science information systems to the science educational 
process and system of the future: "The infonnation systems stimulated by 
the National Science Foundation have heretofore focused prinarily on the 
needs of specialists; greater attention should be paid to the life-ldng 
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educational process of the [scientific] non-specialist" CPef.2]. 

n. SCnNCE H^RI^ATION 7\ND EDUCATION 

In the context of the work reported here, science information is 
defined as recorded knowledge, usually in the form of primary publications 
stored on analog or digital media, emanating fron the intellectual work of 
the scientific and technical oonmunity. Ihe management of the inventory 
of science information, and the enhancement of its utility to mankind, are 
the primary purposes of science information systems. In Iftie attempt to 
meet these purposer, science information systems collect, evaluate, orga- 
nize and store science information, and they provide tools for its purpose- 
ful use. In modem science information systems, the tools conprlse 
prdraardly devices and mechanisms far accessing science information— de- 
vices and mechanisms such as descriptive notations, indices, abstracts, 
searching methods, etc. Ihe function of science information systems m^ 
be said to be that of a couple between science iiiformation and its users, 
insofar as present-day systems are generally limited only to the storage 
of science information surrogates. 

In their role of searchable bibliographic directories the use of 
science information sys+-ms is not limited to the research ccrammty; their 
use by others depends, however, on their need for science information and 
cn its utility. For reasons which remain to be carefully assessed the use 
of science information systems in science education has been sporadic, and 
largely confined to individuals engaged in researdti rather than in 
scientific or technical instruction or learning. It is quite apparent 
that the flow of science information into science education is characterized 
by discontinuity, lack of intensi.ty, and time del^; hence its xrtilization 
in science education is siiboptimal. 

Unless the use of science information systems in science education 
is to be for purposes other than an occasional bibliographic searxih on a 
topic of mOiiTentary interest, the possibility of an effective flow of 
science information into education appears to be predicated on the existence, 
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»«ilabHity and use of external, ^nipulabl^ sto«s of learning mterials. 
A direct flow of science infonmticn fian its repositories into *e higWy 
wlatiOe and transitive environnmt of live olassroan instruction is dif- 
fiaat to inagine, the updating of ^ tac«ledge of h»ai instructors is 
an idicsyncnatic process of habitual charBCteristLcs «hich ar« not easily 
"odified. On the other hand, stc^d learning naterials (tertbooks, in- 
"Tuctaonal fil^, etc.) are a solid client of science informrtion services, 
and a sttoig element in the, educational process. 

ae realistic possibility of an intensified influx of science in- 
fon-Bticn into insti,.ction and learning in the sciences is Iherefore given 
tV Ihe recent eniepgaice and development of -learning systas," broadly de- 
fined as technology-aided instruction/learning facilities whiA allo« 
learners to Interact with organized learning mterials stored in an ani^ite. 
manipulable device or memory. Ihe -or^ ic„erful of these systens ar« "ccn- 
verBational"-that is, interactive system v*i6h provide, in addition to a 
otxhUar Store of learning materials , imdels of the live interaction between 
a student and a human tutor. Itespite the relative siji5)Ucity of Ihe 
present-day models, the conversational learning systems hold promise of 
being able to sustain realistically the process of self-instructicn. 
tWherrore, given certain types of maiories of learning materials to suh 
port the self-instr^Ktion process, it is possible to consider science in- 
forBBbcn as constituting an important input into these systems. 

HI. RESEfllCT OBJECTIVES AND PHASE I TOSKS 

rtie objective of the proposed project is to stucfy, design and ex- 
peruiBntaUy evaluate man-machine mechanisms for enhancing the transfer of 
science infornaticn from its present repositories into science learning 
systems. ^ 

The postulated inechanism for the ti^cfcr of scieiiu. infoiroation 
into learning systems, which can only be sketched at this tine, is 
illustrated in Figure 1. Ihe main characteristic of this tr^sfer 
nechanism is the use of certain outputs of science infor^tion systems. 
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enhanced and modified as ^propilate, as Inputs to the leanung systems. 
Ihe transfoniBticn of Hie outputs , and the ease and econcaiy vdth vMch the 
transfer can be acconplished, are the czucial aspects of the mechanism. 
It is unlikely that -die process can be perfonned fully autcanatically; 
ralher, the educator-author is the key human interface responsible for 
the transfomation of information. 

Within its general objective of investigating the mechanisms of 
science infoniBtion transfer into science educaticn, the ongoing research 
has the following specific goals: 

1. To describe operatiav''''7 the human process of transfoniB- 
tdcai of science infonnation system outputs for the purpose of 
integrating them into the content of ALF-type learning systems; 

2. To investigate ooirparatively the design and operating chax^- 
teristics of science information systems and AU-type science 
learning systems, particularly from the viewpoint of requirements 
for trar'icferring infonnation between them via a man-machine 
interface; 

3. To ijiplement an experimental design of limited transfer 
mechanism from appropr'atr • listing science infornation systems 
into an ALF-type scier a Titxaiung system, and to evaluate 
selected aspects of that ii»-' 'ianism. 

Ihe findings of the proposed research should result in conclusions 
concerning the minimum desigi requirements for the compatibility of science 
information systems and science luatidng systems, and in an evaluation of 
an operational m3thod for a rapid integration of up-to-date science in- 
foriiBtion into the content of mod ■(? facilities for self -instruction in 
science. 

L; the first phase of the jj.'XX5ject, research efforts were focused on 
the following tasks: 

1. Aialysis of relevant i -mters of existing science information 
systems. 
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2. Human interface chciracteristics for science L^omation 
"brensfer. 

3. Investigation of design alternatives of the SXTTE system. 

•n«e above tasks and the state of research are des.OTied in greater 
detail in *e ramdning sections of tiiis report. M initial, aliawagh not 
yet ooiplete, review of relevant literature is also included. 
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PART TO 

ANALYSIS OF SELECTED SCmiCE AND TECHNICAL 
INFORMATION 

I. INTRODUCnori 

Ihe prominent products of researxii and development in science/technical 
information of the past decade are large banks of descriptive inforroation and 
bibliographic data stored on digital and analog media. The collection, organi- 
zation, and dissemination of this information and data comprises the so called 
"Science and Technical Information Systems/Center" (STIC) , vdiose services typify 
the current level of development of the information industry - the establish- 
ment of coi^ucerized information utilities and services of different types and 
purposes. Sci.ence and technical information centers differ widely when consid- 
ered from the viewpoint of the degree of automation, the depth and breadth of 
subject coverage, their sources of information, their operational characteristics 
and their availability to user community. By user coinnunity is meant the total 
user population of the center. 

The distinctions betv/een different science information systems also re- 
late to the fact that there are various methods for each of the stages of opera- 
tion, such as acquisition, record keeping, library processing and loans, storage 
of the sources, information dissemination, information £;earching, information 
retrieval etc. 

The science and technical information system/center can further be de- 
fined as an information service system v;hich operates in an environment which 
includes both information to be processed and a population of users who require 
various portions of this infonnation in order to achieve certain goals. For 
example, the goal of the proposed science information ti^sfer system, STITE, is 
to design learning mterials and to update thcin periodically, thereby enhancing 
the effectiveness of the learning systems in modem educational methods. 

Tlie folla/ing fir^irc delincafcs the major subsystems/components of the 
proposed syct'j:a« 

14 
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cations 
leaimng 




Fig. 2 



The above figure shows the infoniation flow in the proposed STITE system. 
The main aijn of this research project is the design of this central system. As 
technology advances and brings dc^m the cost of equipnent, such as audio-visual 
equipment and data transmission devices, there will be innovations and modifi- 
cations in leaming information systems (LIS). This will continually alter the 
information requirements of LIS, and consequently its interactions with the 
STITE system will enhance with time. 

As it is anticipated at this phase of the project, the STITE system would 
be an intermediary office between the LIS and STICs ;dth computing and data 
processing facilities. On the basis of requests from the educator comnunity 
(i.e. LIS), the STITE system wuld interact td.th STICs according to some pre- 
programmed fashion and according to its intended purpose, it would acquire the 
necessary information from the STICs and provide the same to the appropriate LIS. 
The selection of media for inforTiiation transmission between tlie components of the 
proposed system, as shown in the above figure, is one of the main features of 
the design of the proposed information transfer mechanism. It can be antici- 
pated that there would be a gradual transition from off-line to on-line, and 
from batch to real-time transmission. 

A few basic assumptions are mde oonceming science information systems 
and the design philosophy of the proposed science information transfer system. 



ERIC 



16 



1) Hie science infoniation centers will have direct contact, or contact 
via an intarriediary office, with the user ccxnmunity on an Liitiative as well as 
on a responsive basis. 

2) Ifot aH of the leaimi\g systems will require the transfer of information 
from science information sys terns to learning systems. This variation will 
necessitate further research defining the criteria for the use of STTTE system 
and identifying the courses that need updating with the science information to 

be transferred frx^m these centers. 

3) There may be an additional perforniance requirement on these science 
information centers to publish periodicals that will assist -the educator com- 
raLinity in the development of new courses to be offered to learners for enhancing 
their l<no^7ledge with current research results. 

It is further assumed that to determine the science information centers 
to be accessed for the development of new courses in a given subiect afl?ea ancjl to 
facilitate the identification of centers "diat will provide the necessary science 
information for updating Mhe learning materials for modifying the course pre- 
paration in a given subject area, it is necessary to categorize these centers on 
the basis of subject disciplines. 

H. CATEGORIZAnOU OF SCIS-ICE AND TEagJICAL INFORMATION CSITERS 

As previously mentioned it is necessary for the STITE system to identify 
the centers that will be contacted for retrieving the relevant information for 
the educator community. As a preleminary step to this, it is reasonable to assume 
that existing science and technical information centers should be categorized on 
the basis of subiect disd.pliiies. Each science information center presently 
has a classification of information according to several profile interests in a 
subject disjcipline. This facilitates retrievLig from the store the portion of 
the information that a particular user needs. Also it indicates that it is not 
necessary to further categorize the centers on the basis of detailed profile 
interests in a subject disciplfio. 

Kruzas, in Ihcyclopedia of Information Systems and Service [Ref. 9], 
gives a page description of appro>djnately 1000 STICs. All entries include the 
nar.e of the parent '-.rsonization and the particular syntan, nervi-cc or activity 
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described, date established, other sponsoring organizations, head of the unit, 
staff, description of system, scope or subject coverage, input sources, holdings 
of recorded data, serial publications, non-serial publications, microfom 
services, magnetic tape services, and other services provided by the center, such 
as abstracting, indexing, literature searching (conputer as well as manual), data 
collection and analysis, network and cooperative programs. 

KrMzas [Ref. 9], also gives 12 valuable indexes, the prijnary one of 
which is the subject index. This lias been the primaiy source of information for 
the following subject categorization of STICs. 

For convenience, science inforroation centers have been classified on the 
basis of subject disciplines into categories which correspond to the major subject 
subdivisions of the Universal Decimal Classification (UDC) . 

If a SnC is listed under a particular subject heading then that is an in- 
dication that STIC has some science and technical information in that subject 
discipline. Here the categorization is broad, and there is a considerable degree 
of overlapping betv;een subject headings. Kruzas»s listing of STICs in the sub- 
ject index [Ref. 9], has been extensively used here. 

II. C/JEGORIZATION OF STICS DJ SCIQJCE 

1. Science 
General Science 

-Information Lnterscience Inc. - Scie-ice Information Center, 
-institute for Scientific Information. 

-Johns Hopkins University' - Center for Research in Scientific Communication. 

-Ohio State Univ. - Mechanized Information Center. 

-Pcnn State Univ. - Penn. State Tech. Assistance Program. 

-Quantum Science Corporation. 

-Scientist' ListituLe foi' Public Information 

-Smith, laine, and Frendi Lobs - Scicrce Information. 

-U.S. Conmittce on Scientific and Technical Information. 

-U.S. nation.iL AcicIct}/ of Sciences - IJational Research Council - 
Office of the Foreign Secy. 
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Mathematics 

-American Mathematical Society - Mathematical Off print Service. 
-Johns Hopkins University - Applied Riysics Lab. 

-U.S. Office of Education - ERIC Clearinghouse for Science and 
^felth Education. 

-Univ. of Oklahoma Medical Center - Medical Center Computing Facility. 

Astronomy S Allied 
Sciences 



-American Inst, of Physics - National Infonnation System for Physics 
ana Astronony. 

-U.S. Air Force - Aeronautic Chart and Infonnation Center. 
-U.S. National Oceanic and Atmospheric Admin. - Vforld Data Center A - 
Upper Atmosphere Geophysics. 

-Wolf Research and Dev. Corp. 
Hiysics 

-American Institute of Physics - National Inforination System for Physics 
and AstrononT/'. 

-Institute of Electrical and Electronics Engineers - Information Service 
Department. 

-Johns Hopkins University - Applied Physics Laboratory - Information 

Storage and Retrieval Project. 
-U.S. Army - Materiel Command - I-Iarry Diamond Laboratories - Scientific 

and Technical Information Office. 
-U.S. Atomic Lhoriy Conmission - Oak Ridge National Laboratory - Central 

Research Library. 

-U.S. Atomic Eners/ Commission - 0<ik Ridge Ilational Laboratory - Nuclear 
Data Project. 

-U.S. Atomic Energy Comnlssion - Oak Ridge National Laboratory - Research 
Materials Inforrraticn Center. 

-U.S. Bureau of MincG - Albany Metallurgy Researdi Center - Thermodynamics 
Laboratory - Contributions to the Data on Theoretical Metallurgy. 

-U.S. Bureau of Standards - Atomic Transition Proi^abilities Data Center. 
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-U.S. National Bureau of Standards - Office of Standard Reference 
Data - National Standard Reference Data System. 

-U.S. Navy - Naval Research Laboratory - Technical Library. 

-Iftuversity of Calgary - Infomation Systems and Services Division. 

-Stanford University Con?)Utation Center - Stanford Hiysics Information. 
Retrieval System. 

-University of Califorriia - Lawrence Radiation Laboratory - Berkeley 
Particle Data Center. 



Chemistry 



-Abbott Laboratories - Inforroation Services. 

-American Chemical Society - Chemical Abstracts Service. 

-American Chemical Society - Division of Chemical Literature. 

-American C>'animid Company - Lederle Laboratories - Research ' 
Ihfoniation and Retrieval Department, 

-American Petroleum Institute - Central Abstracting and Indexing 
Service. 

-Chemical Systems, Inc. - Computerized Struct-ural Group Index of 
Conmercial Organic Chemicals. 

-Ciba Phannaceutical Company - Scientific Informatiai Center. 

-De Soto Inc. - Information Center. 

-DrMg Information Association. 

-Eli Lilly and Coii^)any - Scientific Library. 

-Ethyl Corporation - Research Laboratories - Technical Information 
Services. 

. -Franklin Institute - Research Laboratories - Science Information 
Services Department. 

-Goodyear Tire and Rubber Con^jany - Goodyear Atomic Corporation - 
Information and Records. 

-Hoffmann-La Roche Inc. - I'lanagement Service Department. 

-Hooker Chemical Corporation - Tedinical Inforroation Center. 

-Illinois Institute of Technology - IIT Research Institute - Computer 
Search Center. 

-la^a State University - Institute for Atomic Research - Rare-earth 
Information Center. 

-Ijockliced /drcraft Corporation - Lockheed Missiles and Space Company 
Tcdmical Inlonration Center. 
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-Noiv;ich Fhannacal Company - Infomation Services Division. 
-Plenum Publishing Corporation - Princeton Infomation Technology. 
-Predicasts, Inc. 

-Rensselaer Polytechnic Institute - Molten Salts Data Center. 

-Schering Corporation - Scientific and Technical Information Center - 
Technical Documentation Department 

-Science Databank, Inc. 

-Smith, Kline and French Laboratories - Science Information. 

-South;^^est Research Institute - Information Services and library. 

-Squibb Institute for Medical Research - Science Infomation 
Department. 

-Stanford Research Institute - Chemical Information Services. 

-Texas ASM University - Department of Criemistry - Thenno(fynamics 
Research Center. 

-3M Company - Scientific and Technical Communications Department - 
Patents and Profiles. 

-3M Conpany - Scientific and Technical Conmunications Department - 
Technical Communications Centers. 

-U.S. Army - Edgevzood Arsenaj - Indus cr.;;,' ijiaison Office - V/iswesser 
Chemical line Notation System. 

-U.S. Army - Electronics Command - Technical Information Division. 

-U.S. Atomic Energy Commission - Oak Ridge National Laboratory - 
Central Research Library. 

-U.S. National Bureau of Standards - Chemical Kinetics Information 
Center. 

-U.S. National Bureau of Standards - Chemical Thermodynamics Data Center. 

-U.S. National Burcau of Standards - Crystal Data Center. 

-U.S. National Bursau of Standards - Data Center for Atomic and 
I-folecular Ionization Processes. 

-U.S. National Eureau of Standards - Diatomic I-foleculc Spectra and 
Energy Levels. 

-U.S. National Bureau of Standards - Office of Standard Reference Data 
National Standard Reference Data System. 

-U.S. Navy - Naval Research Laboratory - High Temperature Behavior of 
Inorganic Salts, 

-U.S. Patent Office - Office of Search Systems and Documentation - 
Classification System. 

-U.S. r\iL>lic iiaaltii Service - uation-xL IncjtitutoG of Health - Clinical 
Pathology Data I'rocessing Systan. 
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-University of Califorma - Lawrence Radiation Laboratory - Information 
Research Group. 

-Xerox Corporation - Central Information Center. 
Earth Sciences 



-Geoscience Information Society. 

-Ohio State University - Institute of Polar Studies. 

-U.S. Air Force - Aeronautic Chart and Information Center - 
Technical Library Section. 

-U.S. Amy - Electronics Coiimand - Technical Information Division. 

-University of Michigan - Subsurface I^ratory - Geologic Educational 
Research Center. 

-University of Tulsa - Information Services Department. 
Paleontology 

—American Geological Institute - Geological Reference File. 
-McLean Paleontological Laboratory - Information Services. 

Biology 

-Eioscicinces Information Service of Biological Abstracts. 

-Illinois Institute of Technolo£:>' - IIT Research Institute - Computer 
Search Center. 

-Johns Hopkins University - Laboratory in Behavioral Physiology - 
Coimunications in Behavioral Biology. 

-Universite Laval - Centre de Documentation. 

-University of California - La;vrcnce Radiation Laboratory - Infor- 
nation Research Group. 

Botanical Sciences 

-University of I-Iiajni - I^rton Collectanea. 
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2. Technology 
Technioal Sciences 



-American Petroleum Institute - Central Abstracting and Indexing 
Service. 

-Battelle Memorial Institute - Columbus Laboratories - Strategic 
Technology Inforaation Analysis Center. 

-Chevron Oil Field Research Company - Technical Inforroation 
Center. 

-Dallas Geological Society - Geological Information library of Dallas. 

-Esso Research and Engineering Con^jany - Coimany and Literature 
Inforniation Center. 

-Esso Research and Engineering Coi^jany - Engineering Information 
Center. 

4 

-Ethyl Corporation - Research Laboratories - Technical Information 
Services. 

-General Dynamics Corporation - Convair Aerospace Division - Library 
and Information Services. 

-Harvard University and Massachusetts Institute of Technology - University 
Information Technology Corporation. 

-Illinois Institute of Technology - Institute of Gas Technology 
Technical Inforration Services. 

-Indiana University - Aerospace Research /^plication Center. 
-InteimLversity Coiminications Council. 

-Johns Hopkins University - Applied Physics laboratory - Information 
Storage and Retrieval PrxDject. 

-lockheed Aircraft Corporation - Lockheed Missiles and Space Company - 
Tedmcal Inforration Center. 

-Marathon Oil Cor.pany - Denver Research Center - Technical Information 
Section. 

-Martin Marietta Corporation - Technical Information Center. 

-Itobil Re:;earch and Developn^cnt Corporation - Field Research Laboratory - 
Technical Infon:ution Section and Library. 

-North American Rock'..:ell Corporation, Inc. - Aerospace and Systems Grx3up 
Tedinical Infor^tion ProcGGsing System. 

-Sandia Uboratoiy - Ted-in5cal Libraries Department. 

-Soutli.;ost Regional I-aboratory for Educational Research and Development - 
Computer Center. 

-United Aircraft Roccarch Labomtories - United Aircraft Corporation 
Library CyLiter.. 
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-University of Iwa - Iowa Educational Information Center- 
-University of Southern California - Western Research Application 
Center. 

-University of Tulsa - Information Services Department. 

-University of Utah - College of Engineering - Solid Fodcet 
Structural Integrity Lnformtion Center. 

-U.S. Amy - Electronics Conmand - Technical Information Division. 

-U.S. National Aeronautics and Space /^jdministration - Manned 
Spacecraft Center - Technical Library. 

-U.S. National Aeronautics and Space Administration - National 
space Science Data Center. 

-U.S. National /^^ronautics and Space Administration - Scientific 
and Technical Inforration Facility. 

-U.S. National /^-eronautics and Space Administration - Scientific and 
Technical Information Office. 

-U.S. National Oceanic and Atnospheric Administration - Scientific 

Information and Documentation Division. 
-U.S. Navy - Naval Research laboratory - Technical Library. 
-U.S. Office of Education - ERIC Clearinghouse on Educational Madia 

and Technology. 

-Wblf Research and Development Corporation. 
A'torld Data Center A - Rockets and Satellities. 



Medical Sciences 



-Abbott Laboratories - Infomation Services. 

-American Medical Association - Archive - Library. 

-Canada - National Research Council of Canada - National Science 

library of Canada - Health Sciences Resource Center. 
-Catholic Ffospitals Ilcdical Education Foundation - Medical 

Literature Lnformtion Center. 

-Ciba Fnanrcccuticfll CDmpany - Scientific Information Center. 
-Jolin Crerar Library - Research Infomation Service, 
-liiccrpta Modica Lnformtion Systcir^, Inc. - Automated Storage md 
Retr'xval Syjtein of I"Jr\JC Uterature. 

-fbus Jon Acaderry of I'cdicine Library - Cooperative Automated 
Circulation Syi:te;;i. 

-Institute for /dvunccment of Medical Cominunication. 
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-Lcwry-Cocroft Abstracts. 

-Mead Johnson and Conpany - Medical Services. 

-Medical Library Center of New York. 

-^femorial Sloan Kettering Cancer Center - Memorial Hospital for 
Cancer and Allied Diseases - Cannunication and Computation Center. 

-Mid-Continental Regional Medical library. 

-Pacific North^/est Regional Health Sciences Library. 

-Phamiaceutical Manufacturers Association - Science Information 
Service. 

-South Central Regioial Medical Librmy Program. 
-Southeastern Regional Medical Library Program, 
-U.S. National Library of >fediciiie. 

-U.S. National Library of Medicine - Lister Hill National Center 
for Biomedical Communications. 

-U.S. National Library of Medicine - Medical Literature Analysis and 
Retrieval System. 

-U.S. National Library of Medicine - National Medical Audiovisual 
Center. 

-U.S. Public Health Service - National Institutes of Health - 
National Institute of Arthritis and Metabolic Diseases - Office of 
Scientific Communications. 

-U.S. Public Health Service - national Institutes of Health - National 
Institute of Mental Health - Division of Narcotics Addiction and 
Drug Abuse - Addiction Research Center. 

-U.S. Public Health Service - National Instit^ate of Occupational Safety 
and Health - Scientific Reference Service Branch. 

-U.S. Smithsoiiian Institution - Science Informtion Exchange. 

-U.S. Veterans Administration Hospital - Automated Hospital. Information 
System. 

-University City Science Center. 

-Vfyeth laboratories - Scientific Infomation Section. 



Dip,inoeriJig 

-American Petroleum Institute - Central Abstracting and Indexing Service. 
-American Society for Metals - Metals Infonnation System. 
-Joiin Cnorar Library - Research Informition Service. 
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-ihgineering Index, Inc. - Information Services. 
-Engineering Societies Library. 
-Engineers Joint Council. 

-Tllinois Institute of Technology - IIT Research Institu-ue - 
Coirputer Search Center. 

-Infonnation Interscience Inc. - Sc5.ence Information Center. 

-North Carx^lina Board of Science and Technology - Science and 
Technology Research Center. 

-North Carolina State University - D.H. Hill Library - Technical 
Infonnation Center. 

-Nova Scotia Research Foundation - Technical Ser'.dces Division. 

-U.S. Anny - Cold Regions Research and Engineering Uboratory - Cold 
Regions Infonnation System. 

-U.S. Army - Corps of Engineers - Office of the Chief of Engineers - 
Scientific and T;2chnical Information Division. ^ 

-U.S. Arm/ - Missile Conmand - Engineering Documentation Division 
Documentation Automated Retrieval Equipment. 

-U,S. Army - Tank-Automotive Conmand - Engineering Drawing 
Depository. 

-U.S. Amy - V/atervliet Arsenal - Technical Information Service Office 
Benet LalxDratories. 

-U.S. Defense Supply Agency - Defense Industrial Supply Center - 
Tedmical Docunent Supply Center. 

-U.S. Department of Commerce - National Technical Information Service. 

-U.S. Depc!rtir.Qnt of the Interior - Department of Reclamation - Inform 
nati'^n Storage and Retrieval Project. 

-U.S. Library of CongrxiSS - Science and Technology Division 

-U.S. Library' of Congress - Science and Technology Division - 
National Referral Center. 

-U.S. National Bureau of Stai^dards - Office of Engineering Standards 
Services - Infomation Section. 

-U.S. Navy - Naval Postgraduate School - Dudley Knox Library. 
-U.S. Navy - Naval Ship Systems Cornnand - Scientific Documentation 
Division. 

-U.S. Patent Office - wffice of Search Systems and Documentation 
Classification System. 

-University of -U-gory - Information Systems and Services Division. 
-University of Ilcbraska - Nebraska Engineerinr, and Business Services. 
-University of i^'cv; Mexico - Technology Application Center. 
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-Uhiversity of Southern California - Western Research Application 
Center. 

-Virginia Polytechnic Institute - Ejctension Division - Virginia 
State Technical Services. 

-Vfestem Electric Company - Engineering Research Center - Infor- 
mation Science Department. 

-Vhirlpool Corporation - Infornvation Center. 

-Xerox Corporation - Systems and Services for Libraries. 

Agriculture 

-Monsanto Company - Information Center. 

-South Dakota State University - Institute of Irrigation Technology 
njiformation Services. 

-U.S. Department of Agriculture - Agricultural Research Service - 
Infonration Division. 

-U.S. Department of Agriculture - Current Research Information 
System. 

-U.S. Department of Agriculture - Foreign Agricultural Service - 
Infonration Service Brandi. 

-U.S. Department of A^icjlture - National Agricultural Library. 

-U.S. DepartmenL of Apiculture - National Agriaaltural Library - 
Agricultural Sciences Information lietwork. 

-U.S. Department of Defense - Defense Supply Agency - Defense 
Documentation Center. 

-University of Mami - Morton Collectanea. 
Business 

-ODPference Board, Inc. - Division of Information Service 
-De Soto Inc. Information Center, 
-t-fonsanto Company - Information Certcr. 

-Iforth CarDlina State Lhive^^ity - D. K. Hill Library - Technical 
Information Center. 

-Orcigon Total Information System. 

-Predi carte, Tnc. 

-SouHieiTi I'/jithodir.t Univcmdty - Industrial Infonration Services. 
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-Stanford Research Institute - Long Bange Planning Service. 

-Stanford Univerc^ity Libraries - Technical Information Service. 

-U.S. Departaent of Coimerce - National Technical Inforroation Service. 

-University of Minnesota - Walter Libraiy - Technical Infoniation 
Service. 

-iJniversity of Nebraska - Nebraska Engineering and Business Services. 

-Virginia Polytechnic Institute - Extension Division - Virginia State 
Technical Services. 

Chemical Technology 

-Arrterican Chemical Society - Chemical Abstracts Service. 

-B. F. Goodrich Chemical Company - Technical Information Center. 

-Ifensanto Company - Information Center. 

-Southwest Res. Institute - Infomation Services and Library. 
Metallurgy 

-American Society for Metals - Metals Information System. 

-Battelle Memorial Institute - Col'imbus Laboratories - Defense 
^^etals Information Center. 

-Belfour' Stulen, Inc. - Mechanical Properties Data Center. 

-Good^'ear Tire and Rubber Company - Goodyear Atomic Corporation - 
Information and Records. 

-Iowa State University - Institute for Atomic Research - Rare- 
Earth Information Center. 

-Lod-Jieed Aircraft Corporation - LDckheed-Georgia Company Scientific 
and Technical Inforrration Department. 

-Lockheed Plrcrai:t Corporation - Lod-dieod Missiles and Space Company 
Teciinical Infonration Center. 

-Reynolds Metals Company - Technical Information Services, Research 
cind Development. 

-Tin F.esearch Iiistitiite, Inc. - Tcdmical Service Center. 

-U.S. /\rmy - V/atervliot A-roenal - Technical Infomution Services. - 
Office - Benct ijaboratoricc. 

-U.S. Bureau of ! linos - Albany Metallurgy KeGeorcJi Center - I'hermo- 
dyn-naico Liboratory - Contributionii to the Data on llieoretical 
Metallurgy. 
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Manufactures 

-Nova Scotia Research Foundation - Technical Services Department. 

-RCA Corporation - David Samoff Researxih Center. 

-Southi>?est Research Institute - Inforroation Services and Library. 

Building Materials 

-U.S. General Services Administration - Office of Public Affairs. 

« 
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III. ANALYSIS OF ST, 

The science and tedmical information centers are analyzed from the 
viewpoint of output data specification since the concern of the project is 
with science and technology transfer from these centers into educational 
institutions. The analysis does not include structual features of the STICs 
such as confi juration, allocation of processes iii the system etc. Attention 
is focused on inportant parameters of STICs and little attention is given to 
system processing features. 

The medianization/automation of most of the science informtion centers 
is concentrated mainly in the folio-zing sta^s: 

-non-selective dissemination of infoiroation via bulletins, abstracts, 
or bibliographies 

-selective dissemination of information ' 

-subject selection of articles 

The introduction cf machines into infonnation processing could yield 
good results if \jsed simultaneously at all 'the above tliree stages in: 
-conpiling bibliographic listings, indexes, etc. 
-selective dissemination of information on the basis of interest 
profiles 

-answering individual reques by selecting relevant documents 

1. Characteristics of Processed Inforination 

Analyois of the characteristics of processed information leads to a 
focus mainly on the initiative and responsive output of STICs wliich are defined 
in section III. 2. Since science and tcdmical information from STICs v/ill be uti- 
lized in educational institutions, they are analyzed according to the forms of 
output tiiat ara av^iiloble from STICs. [Sec. III. 3] In Sec. III. 5, soitb of the 
interactions between tlie user and the system arc discussed. 

2. runo-tion<il Catc-.yrization of Information 

As infonintion is imnipulatcd and processed in tiic system, it undci> 
gpes various tr^nofonration v/idcii moke it desirable to re-define the information 
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"packages" by type at various stages of the process. Of the several functional 
categorizations of information, those categories relevant to the SITTE pro- 
ject vdll be initiative outputs and services and responsive outputs and sources. 
Less enphasis will be given real-^orld inputs, systenwDriented inputs, and system 
stores. 

2.1 Initative Outputs and Services 

One of the main functions of an infortnation service system is 
to provide effective dissemination of information to the user 
population. As a result, infonration may be classified in terms 
of the types of initiative outputs and services which the system is 
to provide. This information will assist the educator community 
in the development of new courses in a subject discipline. 

2.2 Responsive Outputs and Services 

The other service function of STICs is to provide services in * 
response to '^er requests. Information m^ therefore be categorized 
in terms of the types of responsive outputs and services to be pro- 
vided by the system. These outputs and services vn.ll aid the 
educator community in updating the teaching materials and modifying 
for other purposes courses currently offered in educational institut- 
ions. 

3 Output Data Specification 

In the design of the proposed STITE, a specification of the output re- 
quired by the fieveral user comramities is to be made. This may require soma of 
the Sl'ICs to do some additional programming work or to modify their existing 
progromc. 

The general input information typos to STICs are the following: 

-composite v;orf;s (jo'jrnals, proceedings, etc.) 

-monographs (i^>ooks, monographic scries, etc.) 

-research and developr.ieTit reports 

-secondary publication (abstract journals) 

-researdi - Ln - progross reix^rts 
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Initiative output products from these cjenters for assisting the 
user/educator oomunities in developing nejw courses in a chosen subject area, 
oould be the follo^^ang: 

-announcement lists 

-book-fora catalog 

-research-in-progress index 

-biographical iridex - directory etc. 

The responsive output products from these science and technical in- 
formation centers, in response to user requests, should be of 'aie types that 
would assist the educator conrounity in updating trieir teaching inaterials per- 
iodically, thereby enhancing the effectiveness of the teaching systems. These 
responsive outputs vdll be the follaving: 

-demand bibliographies 

-specific document search % 
-hard copy retrieval 
-state-of-the art report 

4, Methodology for the Malysis of Output 

Some of the learning/teaching systems may require the outputs from 
STICs in a paruicular fonii, such as slides, \ddeotape, magnetic tape, etc. 
Ihese rxBquirements are to be analyzed in conjunction with the forms of output 
that are obtainable from tlie existing science and technical information centers. 
It is assuned tiiat a decision vdll be made at the design stage of the STITE 
system, oonceniing vi'iether the particular forms of information materials should 
be developed at ti;e respective user locations from tlie outputs the user re- 
ceives from trieso centers in v;hatevcr form they are available, or v/hether recommen- 
dations should be irade to ti^c existing STICg to provide their outputs in tlie forms 
desirable to ti>3 u:;crG with a nominal fee for the cost incurred in preparing them. 
At tJuG early stasc, it seem3 tiiat tiie user community vail have to prepare its 
learning mterialG in the desi^^d forms from the information materials they re- 
ceive from S11C3. These asp2Cts of initiative outi^uts, as \-jen as the rcswnsive 
outputs, are yet to be studied in detail, simultaneously witli the analysis of tlie 
tcachiiig/lcaminr, systems. 
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5. Interactions Between the User and the System 

Ihe user/educator oomnunity request science infonnation frm 
snCs and will evaluate the system by the relevance of the material received. 
To design the proposed STITE systejn, it will be necessaiy to consider 
-the detennination of user requirements 
-the interaction between the user/educator coratnunity and 
the system 

-the various types of retrieval requests 

The user/educator community may conceivably approach these STICs 
either directly or via an interroediary with a need for modifying or \;tpdating 
teaching mterials in a given subject area. 

In -traditional libraries, the user has many options. He m^ request 
help from a reference librarian, he may browse tlirough the open stacks of 
books, or he may use the card catalog. Although the inforroation center, part- 
icularly the automated infomation storage and retrieval center, is organized 
differently than the library, it must provide the user with a similar range of 
capabilities and serndces. Indeed, because of the high cost of aiitonation, the 
services provided the user should be more, certainly not less, than those provided 
by a conventional library. How to allow for maximum interaction between the 
user and the science and technical information stored in an automated system 
might be one of the nmn design problems. 

6. User Request Analysis 

Ihe different types of user requests and their ijitplications for STITE 
system design can be sumnm^izcd as folla-ra: 

6.1 Request for a Specif i*- Document or Article - The nost frequent 
request received by an informtion center is for a specific document 
or article. In an automtcd system, the document number from an index 
file is obtained and then a copy of the docuraent from the microfilm 
store is retrieved and sent to the user by mail or the content of the 
document is sent to the user via the existing communication links. 
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6.2 Requests for Inforroation by Subject - Another oomnDn 
request is for infoniation on a particular topic, such as 
cbcuments dealing with satellite ooinnunication concepts. 
Th roost of the existing science and technical onfonnatiDn 
centers , the system response to this form of request is 
good. Generally the user wants relevant documents but not 
necessarily all relevant documents, and he wants the material 
in a reasonable period of time. MDSt information centers 
have no difficulty in responding to this request, 

6.3 Requests for an Exhaustive Search - Sane user rai^t re- 
quest a state-of-the-art report on a particular topic in a 
subject area. In fact, sone research problems require that 
the investigator make a systematic and thorough search through 
an of the literature to determine whether or not the infor- 
mation he needs has been reported elsevdaere. These ^ssible 
needs of the users necessitate analysis of the existing f cience 
and technical information centers in their capabilities of 
handling such users' requests. 

linally users request information to keep abreast of develop- 
ments in a given field, and there are now several publicat- 
ions devoted to promoting current awareness in specialized areas. 
(Chemical Titles, for example). Also various selective dis- 
semination procedures atten^t to provide information to the 
specialist before he recognizes his own needs. These services 
will be analyzed in greater detail at a later point. 

7. Summary - The utility of the outputs from STICs for educational systems 
is an essential consideration for the proposed design of a STITE system. Carroll 
[Ref. 2], has gatlioixid inforrration from representatives of all kncwn commercially 
available tape services and lists this information under the folla-nng categories: 
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-nane of tape 
-source 

-contact - representative for further information 

-diaracteristics of the data base 

-frequency of tape issue 

-average nuirber of source items per tape 

-subscription cost or leasing details 

-software availability 

-type of in-house service offered 

-publications produced from base by originator 

A total of 56 services is listed in -the Carroll report. Furtiier study 
en available scientific - technical tape services is being carried on. 

From -the viewpoint of the objectives of tlie project, it will be necessary 
to make a survey of the experience of educators in -the utilization of the services 
provided by science inforaiation services. At present educational institutions 
seem to use the services provided by these centers only in research work, and 
little utilization is made for -the purpose of enhancing the effectiveness of ed- 
ucational tools and materials. Technology utilization by educational institutions 
in these centers, such as the North Carolina Science and Technology Research 
Center, Research Triangle Pari;, M.C. , seems to be limited to the area of finding 
information for graduate students in several universities that are a pari: of 
ttie center. Smctana and V/aU-ccr [Eei. 15] announce some of the results of 
"literature SearcriGS for Tlicses by Coiiputer". They describe the results of a 
two year program to provide low cost, computer-performed searches of the MASA 
literature resouix;e for graduate students. They found that 70% of the parti- 
cipants ( iiscrs) fiT)m all fields v;ere enthusiastic about the prDgram, and most 
felt that their r»:'3c;irch improved. Smetana states that the major complaint about 
the program is t:-.o lack of brcadtli in the U/^SA informtion collection, parti- 
cularly in the d.crical circa. Sixtana also lists Uic number of sccUPdics and 
tlicir distribution by major field for a period of 2 years, and it is found that 
j^-aduatc students fi^om the field of i7echanical engineering have the neximum 
participation. 

From tliG taljle, it is clear triat most of the STICs offer magnetic tape 
servicoG. But q'J.vC a few conleix: have mgnotic tai.xi L-.ervioj3 available for their 
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internal -use only. Likewise quite a few centers have their ndcrofom services 
available for internal applications only. But roost centers offer these services 
on a subscription basis. Nearly 50% of the centers selected offer a selective 
dissemination of information service. A largp number of centers offer services 
such as abstracting, indexing, systems ancilysis etc. , and for further details 
of other services, see Kruzas [Ref. 9]. 

Almost all centers have hard copy retrieval, and roost of the centers 
are partially automated. The magnetic tape-oriented data bases have primarily 
abstracts and index catalogs on tapes, and a few centers have the entire text 
on the data base. 

From the above analysis , it is apparent that there are virtually no 
STICs which give science and technical inforraation in the form of film, movies, 
videotapes, slides or any other forms that can be readily used in an audio-visual 
instructional system. From this it can be inferred that the educator comnunity, 
on getting the information from STICs, will have to transform it to the particular 
form that is coiipatible with their mode of presentation in the respective in- 
structional system. Also it can be concluded at this stage of the project that, 
in addition to hard copy retrieval, magnetic tapes offer a suitable medium for 
the transfer of science and technical information from STICs to educational 
institutions. 

IV. TABUIATIOM OF OPERATIOMAL CHARACTERISTICS OF SELECTED SHCS 

As is indicated Kruzas [Ref. 9], a large number of centers have re- 
strictions regarding tiieir available services. There are medianized centers 
which offer their services only to t^ieir employees in their respective com- 
panies, and tliGy do not offer any services to the educator community. These centers 
are not included in the table. However in the subject classification of centers, 
all the centers ara nentioncd. 

In the table v/liidi follows, rrain operational features of a selected set 
of STICs are summrized. The initiative outputs and the responsive outputs mention- 
ed in III. 2 are given in the table, as v;ell as the existence of any microf rm ser- 
vices, magnetic tape services, and selective dissemination of information ser- 
vices. Data on niicroforrr. servicGS include fojnn, size, and conditions of avail- 
ability' of Jrdcroforro produced or distributed by rcportiiig unit. (Wote: In the 
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table If the service is available, an X is placed in that a^lum. For further 
details of available services, see Kruzas [Ref. 9].) For mgnetic tape sei> 
vices, specifications and availability of fomallzed tape service, as well as 
locally maintained computerized date bases, is indicated. For descriptions of 
other in-house conputer programs and app.;. :ations and details of the centers 
see Kruzas [Ref. 9]. ' 

An X placed in a column by a center indicates tiiat the particular center 
offers that service. If a colum is left blank, it indicates that no informtion 
IS available or that it is u^c^. m responsive outputs mder coli^ 2, "Spec. 
Doo^t Searx:h" is indicated in the table if the sear.:h in the center is a n^ual 
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VI, Conclusions 

Currently the utility of the outputs from science information services 
for educational systems is being studied. Carroll has gathered information frm 
representatives of all known commercially available tape services [Ref. 2], and 
he lists the inforroation under the followiiig categories: 

Name of Tape 
Source 

Contact - Representative for further information 
Characteristics of the data base 
Frequency of tape issue 
Average number of source items per tape 
Subscription cost or leasing details 
Software availability 
Type of in-house service offered 
Publications prod^iced from base by originator 

A total of 56 services is listed in the Carroll report. Fi^r^her study on 
available scientific - technical tape services is being carried on. 

From the viev;pcint of the objectives of the STITE pit^ject, it will be necessary 
to make a survey of the experience of educators in the utilization of the services 
provided by science information services. At present educational institutions use 
the services provided by these centers only in their r^sear^ work, and little 
utili:.ation is irade for the purpose of ertocing the effectiveness of educational 
tools <-md materials. Technology utilization by educational institutions in these 
center G, such as riorth Larolina Science and Technology P.esear^ Center, Researx^ 
I^iangle Park, II.C, is reported to be in the ar... of finding information for graduate 
.tudents in severvil univcrt'.ities. 

In the lYcc^^Ti^an of V,r, Ar^^^ can S ociety for Information Science , vol. 6, 
• Ref. r.], S-etaria cLnd \-:alkov anno-oncc so::io c.'^ the results of "Uterature Searches 
^or n;o..o3 Ly Co:.T)uter». V^oy describe the r>.sults of a tvAD ye.ir program to provide 
.ow cr,r;t, computor^r..rfoiT^.^d r;oai-.:hos of the ^L^SA literature r<..our<:e for graduate 
itudontn. Ihey fc-md that 70% of the participants (u.or::) frxxa all fields were 
nthuniastic alx-;ut the pror^-'a.-n, .-nd nior;t velt thnt their research iinp-rovcd. .^i-tana 
ateG that tlie rn-jor canj^l.aint v/iih the prr^^rom ir. iho lack, of bi-oadth in HA<;A 
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iivfonnation collection, particularly in the chemical area. Smetana also lists 
the number of searches and the distribution of searches by major field made in 
2 years, and graduate students from the field of mechanical engineering had the 
maxiinum participation. 

Ihe irain interest of the STITE at this stage is to analyze the outputs 
from existing centers and to investigate ways in whidi present educational 
sjrstems can benefit by these outputs, assuming that i'here is a mechanism avail- 
able for speedy efficient transfer. The goal of the project is to devise such 
a mechanism, and further research will be directed towards designing such a trans 
fer mechanism and testing it in the experimental phase. 
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PART THREE 

DESCRIFTIOM OF LEARNING IMFORMATIOiJ SYSTEMS 

I. DTTRODUCTION 

During the past fifteen years or so there has been an increasing 
volume of research whic±i is seeking to improve the quality of academic 
level instruction, and to increase the productivity and influence of 
teachers through the development and organization of instructional 
materials and subject matter, and the use of various instructional media. 
Dui"*ing tlie sam^ period n^ny new communication tools have been developed 
and arc available for use* The motivation for this research on teaching 
and learning has come in part from the rapid growth in population and 
from a predicted and actual lack of good teachers* This growing concern 
to inprove learning is also due to the great expansion of new inforroa- 
tion and to the rapid antiquation of much previously learned knowledge 
as the result of technological change. 

A Hiajor task in the STITE project is to obtain a pragmatic under- 
standing of the process eirployed by science educators in developing and 
structuring science learning materials. The major component of the 
stratof^ used to tackle t}ds task will be a descriptive analysis of the 
existing leaminr, systems through the following sequence of actions. 

1. Investigation of the "Socratic^^ situation in the teaching- 
lecuiiing proccsn. 

2. Analysis of the process of developing iiuterials (course 
preparation, cource development). 

3. DGGcription and design of progrcu^yned insti"uclioncil materials. 
U. Analycjit; of CGir.;>uter assisted instruction. 

5. /\na]yr>ir: of au-i.-io-viL-u/il l(:c}Lnicucc». 
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6. Analysis of self-instructional systems. 

This report is concluded with a tentative natrix which shows the 
feasibility of use of the outputs of the existing information centers as 
inputs to the learning systems. 

II. HIE teaqii::g sim^ioM 

In the ideal teaching situation there is an intei'action between one 
student and one teacher. In this tutorial or "Socratic" situation, the 
function of the teacher is that of a guide who presents the student with 
ideas and problerrs suited to the latter' s needs and capabilities. In 
this situation the teacher has the responsibility of bringing the student 
into direct contact v;ith kncv;ledge and must ensure that the mterial is 
presented in such a fashion that the student can enploy his capacity for 
logical analysis. 



the situation to be able to influence it. Clearly, in the absence of the 



sufficiently r^/jivatcd, but tlK;rc v;ould be no /^u.-L^-antco tiiat he would 
folia-; the diroct patlu He mifht v;cll follow one of the Gocond<Tiy pat.lis 
to Icctn-iijvr v.hic:-. v;ould bo Ic:;::. di.r^.'ct and probably rore difficult to 
tr<ivercc. 




toachor, iGcu nijir, '.;ould c;till ad-ii' 



cved, provided 



■\ that the stuucnt was 
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In case the teacher intrudes into the learning process, the student 
is prevented fran having direct contact with reality and has 1:0 rely en- 
tirely upon the teacher *s interpretation (or one interpretation) of the 
subject matter. In so doing the teacher influences the process of learning 
by organizing and orderijig his mterial in the light of the student ^s re- 
sponses. Ihis process of corminication between the teacher and the student 
is known as feedback. It is the most iixortant feature of the tutorial 
system because it allavs the teacher to be extremely flexible in deciding 
t^ie moGt appropriate approach to, and rate of development through, the 
subject matter. At the same time, the student is coistantly being 
challenged and is personally involved in the situation. He has to be 
adaptable. The tutorial method, therefore, enables differences in student 
intelligence, ability, and aptitude to be taken into consideratiau 

However a more detailed analysis of the teaching process, based on 
the assunptions that the student has a memory and that the student has a 
capacity, no matter hw limited, for logical analysis, can be made. In 
preparing a lesson these tv>?o assuiiptions sliould be kept in mind, and the 
student should be presented with a situatiai in wliich he can enploy them. 
If the assumptions arc balanced accurately, the lesson is likely to be 
successful; if ha-;ever tliey are over or underestimated, communication is 
certai.n to bo ineffective. 

Viien deciding on liis lesson plan, the teacher uses his own memory. 
He v;ill rv^call the subjoct matter, the individual cl'iaractcristics and 
personal data of students, his post expeiicnccs wlicn teaching the subject, 
tliG previous r:p;thods caid techniques used and trieir relative success, the 
topical arid anecdotal information, and the object of tlie ccui^se of study 
(ouiinnati.on r'oqui.Rir?::nta) . 

As a result of tliis analysis, the teacher produccts a basic teadi- 
inr. piriii, v;;iidi is caluju his oLrateric teadnji;'. plc'in, in tiie full undcr^ 
stcUidLnr. lliaL this will iiave to Ix^ irodlficd as the Icr.r.on progresses. The 
notorial in t;;!:; p'lxUi rrjjt he v;ell orgcUiioCd that it* will help the 
rtwvTit to :\ir.trr th- r-il ri:: 1 -rhi'^vo r.^r^.v::: . , thuf' lncroa:nji{' his 

i.T>tiv.-ition. 
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The teacher starts his lesson by presenting a stimulus to the student 
vMch v/ill provide sufficient challenge. This will cause the student to 
call on his mernory and his capacity for analysis, and so evoke an overt 
response. This response is fed back to the student's memory for future 
referxaice and serves as a fom of partial reinforcement. At the same 
tiire, this should be noted and evaluated by the teacher vho infonns the 
student v^iether he is right or wrong, thereby providing additional rein- 
forcement . 

After this evaluation, the teacher must consider' the next step in 
the presentation of the lesson. Calling upon his previous experience of 
teaching the subject, he may decide to change his original teaching plan 
because of the nature of the student's response, i.e., he makes a tactical 
decision which he relates to his strategic plan and which produces the 
nodificd second stLnrulus. This appropriate stimulus is presented to the 
student and the cycle is repeated. The teacher should note in his own 
memory the subject. 

This sinple analysis, leads to an investigation of a more general 
conctipt, that of course development. It should be noted that if a teacher 
has a number of students in hi.s class it will be virtually impossible for 
hija to arrive at tactical decisions which vd.ll satisfy the needs of each 
and every student, for the situation of one student - one teacher rarely 
exists in norml classrooms. This leads tc an investigation of the 
various ted-miques that are devised to ijnprove the settings with larger 
groups and subsequently to analyze the various teaching devices tJiat have 
been designed to inprove the learning process. 

III. nu: pRocr^r; of D::veijopi::g scicice ij-Apjjiug fat::pials 

1. Course Frer^aration 

The inoc;! ai^propriate unit of science learning mterials is the 
coun-.C!. Several attcr:-4)ts to define the "course" liave been made: M. Eraut 
tK«jf.iO,ror c:-i:i::ipl-'j , defines it as "a sc^paratcly tiinc^-tcibled or separately 
ass'jt.:v:'d tecs.-j!.;i..-.-ljarri:Ji,: 'uiit cccu].yi:ir, fiu?. onc-hdlf to ono-quarter of 
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a student's tine over one, two or three tenns." Others define it as a set 
of units where a unit is an inte.c^ated part of informtion which can be 
studied and assimilated by the learner over night. 

The STITE project approach will be to consider the course as a 
system in which students, teachers, and learning materials interact and 
to define the course development as a process of optimzation of the 
system. 

Before analyzing the system, mention should be made of the most 
common learning "experiences" that are used in course planning: 

1.1 Materials: - textbooks 

- supplemental required or optional 
readings 

- current periodicals 

- syllabi 

- slides 

- films 

- tapes 

- recordings 

- television 

- programmed materials 

- conputer assisted inslTUctions 

1 . 2 Instructional 

Methods: - lectures 

- discussions 

- denonstrations 

- prob].ems 

- individual conferences 

- seminars 

- guest speakers 

- telephone interviews 

1.3 A^.nigiuTi'-jnte: - readings 

- proWcmfi 

- oral ixiports 
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lA Activities: - laboratory 

- field trips 

- observation 

- internships 

- work experience 

- travel 

- public lectures 

1*5 Evaluation 

Methods: - objective tests 

- essays 

- papers 

- reports 

- participation 

- self-evaluation % 

Obviously no one course of 1iie conrnon three-to five-credit variety 
extending over one quarter or one semester can effectively enploy all the 
preceding elements* Moreover, the choice of experiences mde by the in- 
structor is often related to his own activities and ideas rather than to 
the objectives of the course* Thus as far as "course preparation" is 
concerned there is not a systematic way to analyse it and to devise a 
prototyx)c; all that can be gained is some insight into the teaching- 
learning process. 

2. Course feveloi^nent 

In considering the course as a system and in defining the 
course dovolor;mant as an optimization process, a natural question arises 
here: v/hat is to be <^;ptijni/:ed? Ihe answer will constiliite the prupose of 
the present section. The syGlem being ccnGidered is an lnput-oul"put sys- 
tem v/itl"i a very con^plicatcd functional r-cdalrion from input to output. 
Specifically three t-^^^es of iriput can be defined. 

2.1 The student iiiput defined as a set of definite char- 
acteririticG in tcnns of ]^Jia7ledgc > abilities > and attitudes. 
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2.2 The teacher input defined as a set of definite char- 
acteristics in terms of l<nowle<lge, abilities, experience and 
record. 

2.3 The material input defined as a set of constraints or 
ccnditions on the expenditure cind level of learning material. 

Clearly, none of these factors is likely to be totally predetermined. There 
is usually some scope of adjustmerit, cind the implication of this is that 
any atteiq^t to define the functional relation vMch exists from input to 
output in an input-output system will fail. 

The output shall be prirnarily what students can do at the end of 
the course. 

It should be noted that the question of optimization is relative in 
the sense that there are usually a number of alternatives: one may aim to 
improve effectiveness by improving the student's performance at the end of 
the course; one may aim to improve quality by raising the level of the 
objectives of the course; or one can inprove efficiency by reducing costs 
and maintain.ing the sa-re output. The best policy is usually to set general 
guidelines for optirization at the beginning and to choose tlie appropriate 
attributes according to the final objectives of the course (without under- 
estimting the rcquirenents of the folla^'ing course when applicable). 
Moreover, aosujning that an appropriate pliui of action has produced a ver- 
sion of a co'irse, the n^xx step v;ould naturally be to evaluate and feed 
the infornvition obtained from tryouts into a revision process. Conse- 
quently evaluatior. procedures must be used. There are several evaluation 
procf-'dur'es , amcnr, v.i.ich arc the formative evaluation [Ref. 10 J, and the 
sumnHtivc evaluation, ^ji foi' formative evaluation the emphasis is on ob- 
tainirif, t]\e }drid of Lloiiration v;liich Icad^: to improvements in the quality 
of the final ver':;icn of the course, v;hilc in the sunurative evaluation ttie 
errphariic. is on totals and coants. In oth/jr v/ords, one is more interested 
in thc! reac;c.n Vviiv a fit^jdent failed to grasp a concept than in precisely 
hav rkiny r.tudonts fed led to ^-ranp it. 
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3. The Design Process 

The followijig flowcliart summarizes the main stages of the course 
design process: 
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A beginning is neclc by investigating the inputs (the student input 
and the course ij^put) and by specifying the intended outcoixDs of the course 
and what is to be cptirized. T7ien a pi^ocess of evaluation is selected and 
the one used will be the fonrative evaluation for at least some parts of 
the course. This ccixatir^t to fomative evaluation is necessary for the 
developrnent and irprovenent of the course. 

UcM :hat tine systen is oonpletely defined, the objectives of the 
course, are specif icd, an appropriate set of nethods of assessment is 
selected, and a rore precise analysis of the student input is made. Some 
testing of stJd-:i!it3 to see -.vhat knwledge and abilities they bring to 
the course iray be necessary. The the ra5ji teaching problems in a course 
are def Lned, and ai\ estimate about which areas cf the course are likely 
to cause the greatest difficulty is projected. 

Foliating this problem analysis, some strategic decisions have'to 
be nude. Tne course should be subdivided into parts with a definition of 
the intended outccrre of eadi part. Broad decisions about the type of 
exixjrience to be used in eadi part of the course must be mde, and tliese 
decisions obviously depend on the natuix^ of the cource on tlie institution 
viiere it is cffovQ^., and on the facilities available. 

Ma-; the pr-vious rrec>edui-e is applied to eacli part. Finally the 
v;hole ccui^se is ci::c^,r.i.l?d, tried as a v/hole, and i-plcmi-Tited if the tiyout 
IS sat.u;facto>7. ii" the tiyout is uns.atisfactory, the procosr: may Ire re- 
Iicate.-.!. (Clcaily tlie cost factor plays as impoi-tant role). 

3.1 : ;r't:ier Specification of Inputs - At the acadoJiiic 
level, not all studa-it-j entering a course 

will. h.-Tv'o '>.t;v^ caM-.i!' ill tics and tli-j ScO- background. For soiive 
CGarv.>3 till;; is not riirnifiaint , but for othen; a prvcir.e knowledge 
of stu::o:il in; ut i.; :.;c.::.jt ir.i^s noaT;;;ciry to obtain the a-pprapriate 
cvidvnc-:. ]t is p:L*-lical. irly ij;r;H:,rl...L'it in thir: context to avoid 
i:v.±hv,', t':-.:: usual ar.n i::::.iicii D-al all r.iudoni;; r.hould N- i-vquiivd 
to go i:';;:^:-;; .ill Wic ccvir.;..-. litlln;^^ a couiv.o Lo Uic .ivcwiyy 
stud.-nt c.;:i : ]>•■.>■] to Ji.-..i:,l.-i': th- lx'lov,>-avcTar." student 

may Li: •;..•! ,,uA ti'.- . ;lMV'.-a.VKrvi.'.> ;;tud.>nt i:.iy \\: bcM-d. It ni-iy, 
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however, necessary to niaintain a minium entiy standard for a 
course, cind tids is cno possible i>3aGon for institutinr, a pretest. 

3.2 Further Specification of Objectives - This is a very critical 
phase of course develcpnDnt. It cm be devided into three stages 
accorxiL'ii: to the thix-o levels of objectives outlined by Scriven [Ref. 10]: 

- the conceptual level: the level at which discussions of 
brcadth versus depth and }aiowledge versus ccr.prehension are 
carried out and the structure of the course is outlined. 

- th.e manifestational level: concerned with ways in which a 
student's achiever.>ant of im objective can be deironstrated. 

- the operational level: defines an objective in tenns of the 
precise iTcans by which it is to be assessed. Objectives at 
this level ar>-: called "behaviou^^al objectives" because 
ultiirately ob>'Cti..s can only be assesseo by observing sodc 
aspect of a student's behaviour. According to Mager [Ref. 7], 
the duiracteristics of a behavioural objective an. as follows: 

a. Specif icaticn of the kind of behaviour which will be 
accepted as evidence that the learner has addeved the 
objective. 

b. net:.cription of tl^e ii:iiK.rtant conditions under whidi the ^ 
l<ihaviour will Vo e:.a>ccted to occur. 

c. I>:^r.crii)ticn of h.a-; well th.e learner must perfom to have 
hds behaviour concddcrcd accoptal)lc. 

3.3 l^-)b]en /ui.dvr.is - In this c-.taj'.o we tw to locate arecis of 
the cour-.;. v;ldch ar-.- likely to caur;e problerr. for teadiers or students. 
So'irce. o^ inron;.„-M-n on likel;/ pixMej:r. include ix^r-oru^ch litera- 
tuiM. on -le.iddnr an.! Ivandnr,, p,.-/.iaic v>erfonr.ince in the coun;.e 
c.r in sir.-.iL.r cour.:-::, c^d ovrc-rience of otVier institutions. 

3 U r>trate'.-ic :vci.don - Tlu-y liiclude a '.ler-civipl ion of tlic 
teadni.-. r •tho!. W urvd aud l):e leanun.^ :iat(^rial to develoi^^d. 
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IV* PRQGRAT'IMSD EiS^rRUCTIOriAL. ftATERI^LS 

PrograrTrned instruction is coning to be regarded as a means of allow- 
ing users to achieve irrportant instructional objectives without the necessity 
for the instructor's personal intervention as a "dispenser of knowledge J' 

The following aspects of the topic will be examined: 

- Characteristics of the process itself • 

- Process of program development. 

- Scire types of programming strategies. 

1* Progi'anirned Instruction - A Process 

A process can be defined as a coitrolled sequence of events 
leading to a desired outcorne. Programmed instruction is a process. It is 
a sequence of events leading to a set of desired instructional outcomes^ 
each time the sequence occurring as designed. In fact Markle [Ref* 1]^ de- 
fines instructional programs without reference to format: "We define an 
instnictional pro^^ram as a reproducible sequence of instructional events 
designed to pix)duce a measurable and consistant effect on the behaviour 
of each acceptable student .... Such a definition specii'ies neither the 
rrcdium of presentation nor the theoretical psychological principles 
governing prof:ruip. constiuction." 

Perhaps here pro^Tramirtcd liistruction should be conpared v;ith 
ordii^aiy iii* ; taction . 

Accorxling to Coi>?y [Rof. 1]^ sin'':c piogrammed instruction refers 
to a well-di^'ciplijitjcl and oxpcrij:x"^ntal approacli to the development of 
irifrtaiiccs of ivyr/tcm-j of instructiai^ th :v arvj several cliaracteristics of 
tliir* diJKdj.vl.ui^' ciiui oxjxn^i mentation that depart' from n'or;t instances of 
inr>ti\ictional I'lanninr.. Icvx' dii ftnvntiatin^' cl rac t or ir. tics tire the care 
arxl o>:plici{.fi'.\^*.::. v;i.tii v.hi.cJi the bchavic)r\^; intended to t^e the outcoiiiL.^s oi' 
instnictiori c.av: dt.*:;cril.'od^ the [>r.ycho]nincal i;oi^hir>tication of the <:iiialyr>is 
of thcc:e Ivhwvicii*. ^ and thc^ u\T)crLa-jiL\xl^U'r'^'^^'"^-''*^ '^^ ccqi cniciiM^ the olemonts 
]X!f;iilt iji^: ii'o'u tl;ir. an.ily:u*r. ior iiu.ti uctional j'Urpor.c^i;^ l1i vigoi>c>Ui; 
attcntiori to *'j:;p:iria.;l ovidr'Uce for .in.pi\)7iii/'. the ini'.linct i.cn. AnoUi'^i^ 
charxicLfrir.tj c ol i-i v.m v:':j:i'd iiU-.tr^iclion .is tho citojul ch^^olopiirnt and 
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control of the instruction stimuli or the inGt7.iictional environments ♦ More- 
over progranrcd instruction is planned to pixDcure a continuous and explicit 
response or activity on ti^c pain: of the learner under circumstances that 
allow him* to knov; at once v/hethcr or not his responses are appropriate • 

Two additional characteristics of most instances of programmed 
instruction have to do with the difficulty of the behaviors (standard or 
level of perfonr-iinces) beir/t: taurjit and the relative self-sufficiency of 
the instructional program in br^in^iri^^ these behaviors about. 

Of coui^je, Pudny of the more familiar types of instructional 
materials also ha'/c seme of these characteristics. Textbooks, for example, 
are usually ciro fully planned and developed, they lead the user from E;irrple 
or kna-ni concepts to those more conplex or sophisticated, and they facilitate 
soine self -instruct ion. Hov;ever, the program is designed to develop student 
behavior; the bock is ohar^acteristically designed to present a given sVib- 
jcct in more or less depth, ihe prograra is tested and modified until the 
desireu behavior is acliievcd on the part of ttie student; The book is 
nodified until either, colleagues, and publisher are pleased with the 
content . 

Sovx2 advantages^ claimed for pnogi^amiind materials <ire that they 
jxtmit individual ligation of ins true tion, can reduce the amount of thve re- 
quirvd to tcadi, CcUi irru-^iove the level of pcrfonrance and reduce the 
ii\v:idu\ce of r.iilurv: cr^^nr. students, cind pcnait assossncnt of reasons for 
s^uccv*ssf ul and unrucces.sful c^:'qx?ri.enco^. 

A:; a i:iini;:v.i::^ r.wcn basic stci)i; i;uy be seen cHi Ti?quired in 
dcvolopinr. fi'Ctivo pi v>r.: aKL':i.d iiu;ti'Uctional i:i:itoraals. Ihcy can be 
diar,r.*<:u:iod in Ih-.^ lolla-;.inr. v/ay. 
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Thus the steps, in their usual order of occurrence, are: 

2.1 Analyse and spocify intended results - Define the scope of 
knowledge to be acquiixid by the student and the details of the 
task he niust perform after instruction. 

2.2 Analyze and pretest the student population to be taught - 
Find out who they are and what they know and can do before ex- 
posure to the insti-uctional program. This data should include 
their phyLiical characteristics and abilities, previous education 
motivation, interests, attitudes, biases and prejudices, and 
specific prior knowledge regarded as releveiit to the insti-uction 
ahead. 

2.3 Develop and v/rite down appropriate instructional 
objectives - These should be clear statements of instructional 
intent chai\^.cterized as follows: 

- good objectives say soniething about students. 

- good objectives describe the behavior or performance 

of users. 

- good objectives deal mth ends rather than means, 
rt\Qy describe a product rather than a process. 

- good objectives describ>e the condition under which user's 
will perfon-.i tlic termii^al bel.a-.'i.or. (open IxDok or not, 
for exaiTjile) 

_ ^rpcxi objectives include infonivition c'lbout the level of 
pcrfo.inancci to be conL'idcrcd "acceptable." 

2.U :;i.H-ciry ttio criterion tests - Ci-^iterion tc-ts are con- 
stniCed r;clely fiov. tlvj objoctivci;. Their ixrri^ose is to determine 
ha7 well ^;L-:d-.'ntG ]xL-i-rcin at the end of instmction wi.tl^ re^spect to 
ead^ in-.pcilrmt object i/.e. 

2.5 V.^rite the pix:--,nr.\ - ly.vA lop detail r. of the pix-^gr^i^'i in 
Vrt^i.tinj'. cii-. a pl.tn bvir.ed upon all U-.o fon-rping and 1 ollov/ln!; pr.^- 
codvm-T.. h i;,ij<>r tc-.-. V. ccniv.ctc.l with thin f;.tcp if. th.at of 
r-eloclinr. or '.ivw.-loi.in;-, AWi^^y^^^^^ l.AUV.Ing i'.^::- 'nrxT;; icuch as 
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prograimad books, ordinary books and other printed mterials, various 
non-book nisdia, firsthand experiences) and organizing their use to 
adiieve cbjectiveG of trie pro^-ra-.i. 

2.6 Evaluate the success of the program - Ccmparc the final 
perforronce of each student with criterion nveasures suggested for 
each important objective, under the circuiri:tances and within the 
levels of acceptability prescribed. 

2.7 Revjcrk and i.-nprove the program - This is a continuing cycle 
of activity v.hicli will involve further work with all aspects of 

the pro-',ra.T. - delineation of objectives, clarification of criterion 
tests, revision of program content, developnent or selection of 
improved learning rcsoui^ces, and better means of evaluation. 

The folla-.'ing flow cliart, constructed by the National^ 
Society fcr the Study of Education [Ref. 1], shows the numerous 
points of decision and testing involved in the empirical develop- 
ment of ccx'.plex instructional progra^ns. It also emphasizes the 
definitoncss of intended outco.T.es as well as the structured nature 
of the i):xx:ess itself (one step leading to the next, recycling as 
necesscuy to iirprove tlie product until it reaches its goals). 
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3, Types of Proj^raminr^ 

The knasTi typeo of piK)gra^:iij\^ can bent bo classified in tv^o 
broad groupings: 

3*1 Linear Prograrnning - A linear program is one in which the 
sequence of information presented to the student is fixed; that is^ 
all students are given tlie sane stl^li in excictly the saire sequence • 
Tv;o kinds of response have generally been asked for in the linear 
progT'am. 

-A ;>n"itten or button- pressing indication that a correct 
ansiver has been recognized (e.g, nuiltiple-choice item) 

-A written indication that an item has been learned or 
understood, 

ClTicse linear program patterns have a historical base in 
the eai^ly v/ork of Sidney L. Prescey and the moi^ recent work of 
B. W Skinner). With botli kinds of linear progra^ng, 

all students are required to complete tlie sanG itcirs in the same 
OTxler of progression thix>ugh the program. Learning tasks are pre- 
sented in srr^'ill ^Jteps and with a large number of learning cues. 
Ha-.-ovor, the ultiirate objective is to use as fev; cues as possible 
and to forco the student to derive his ansv/ers from understanding 
tlie fra-::e3. Keinicicoi/rmt of correct answers is the prinmy 
concein. Tne nxDjT^am must be coiri^letely self-contained and ade- 
quate to CrUTV tr;e studc-int from start to finish without aid from 
otlier s:.ourc'^-r.. In linear progra;::T:.inr,) adaptation to individual 
dil fe^vnct..':; if riot caiTied cut by the program itnelf^ but rather 
by ci.llov;inr vacIi I'j'irViOr to take v;h"itever ajtiount of tii:>J liC 
r^*ciui:es tc^ cox^uoto it. 

3.2 Ad.ijvtlvo Iror.T-a^rinr - "the pre '•mentation sequence is 

ajuf.tc;! on tbt? ba;>is of v;hat the stiulont doe::. A prc;7^afii nay be 
d'^'r.iri.o:.! to l.v or lc:;s adaptive; it niiv select tb.e. next 

r:eiit<;ticri in::, on the l of sl^id-Mit i>.^sp<::!i:;c to the pix^vious 
one C'r cn l;.-.. o' j ror.pan'"> lo il\e. laf.t ^::cvv;ral i.le;x5. 
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Adaptive progranming provides for individual differences. 
One fom of this type of propi^arming is called "branching" (deve- 
loped first by Crowder [Ref. 4]. With the branching pattern students 
are required to recognize and to choose correct answers if they are 
to proceed without "releaming detours" (corrective assignments) or 
if they are to skip progi^am portions for which they already possess 
sufficient sld-ll or knowledge. Branching programs are piovidcd in 
books, "scraTbled books" or on machines (which use filinstrips and 
present infciTraticn and tasks on individual fra'nes). Either way, the 
student responds to a question and is directed to another page or 
frame v;here ttiis response is evaluated. Tliere, if his response is in- 
correct, he is given further infonration, Ui.ually including some 
explanation of why he was ;vnx)ng. He may be told to return to the 
original page and tr\' ar.ain, or he nay be asked to go to a new, 
page lor morc information before trying a scmewhat different 
version of the sa'ne question. 

Brandling questions are not always dichotcniized as "right" 
or "wrong." Sam questions or problems Cc-ill for opinions or trouble 
shooting docisi.ons and so have mDrv than one appror)riate answer. In 
the eveiit th.at responses reveal sar.o fundamental lack of know] edge 
considered necer,G.:ny to proceed with tl\e pro^^ram, students ray be 
suibsequentlv "branclicd" into side studies to i^rt^p^ire theia to take 
tb.e nort ste];s i.n the "iiv^iin line" of the pror.ra-n. 

3.3 Tr\e Evolution of yixDgra-^Toiig Strategies - Tlie folla-;ing 
grapVdcal ouai;;o surrc'sts the idec-i of adaptability/ of a prograa 
and the rva;'on for different progrjjn prcscntation iicthals. 
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* Most 
Adaptive 



Hirhly Adaptive-sensitive to content 
rej>j>onses even possibly to personality 
or to physiolof,ical responses 



Erandiing-Linited adaptive based 
upon 2 or more responses 



Brandling-based upon single previous 
rt2cponses; or linear progi^am holder. 



Branching or linear, as immediately 
above > 

Normally linear, with numericpl 
feed back and adaptation 



Least 
Adaptive 
Fig- 8 

Teaching with Progranimed Materials - It is reasonable to 
expect that all teadiers ought to be prepared to learn how to use 
progranried mtcrials selectively, to leant to capitalize on the 
special advantagcfi of prcgrammsd instruction, and to be guided by 
tlie knwlecgo tiiat the primary aijn of progranini3d instruction is to 
improve leam.lng. 

V. coi!it7:::r - assist::? ?:::r;Ti-ucric:; - cai 

1. lype:; - Cor;putOf^aosistcd inslTucticn har. multiple definitions 
whidi cirv^ n:latc\l to a varicity of a[^p] ications of .such systcnis. Perhaps 
tho iKVcjt fiLMcticri.il clef ini.t ion v;as derived by rur]H?i; [Ref . 11] ,V7ho identified 
tlu\'o kinds Ci tictlvities a:; co::ipri^;inj; CAI. Ihcvie v.vro n.:uno]y: 

- IVill cind rractivo activities. 

- i\itoricjl activities'.. 

- IntciYictivo or pi<:>b]o::i - solvinr activities;. 

Alr^v.t all nn-.ji( atio:u"> cif: i>ri that Uv prirkny c:m.\:i of inti!iv5;t 
hri,; Ix"^n in liu' iwU^rvIdl. oi inr.!.rucl icai. Ti\?.:> node cl(vi>ly i^^prv^sontr. 

tho ts'Tv* ol iKW 'lAuy v;l;ich i:' rnininllv av/iilal'.!c In p?x.V;•t\!:•;^''M•l :in::ti\icl i un. 
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For exaiple, a content area is systemtically analyzed and perfonnance 
objectives arc developed. The student receives all of his instruction in 
a particular topic via an interactive dialogue at the ccr.iputer terminal. 

The second type of CAI, the drill and practice t^.'pe of activity, 
is best represented by 3uppes' activities at Stanford. The drill and 
practice ratorials contain infonnation which the student has previously 
encountered in t:\e clar.Dtxx):?., but needs continual practice, imnediate 
feedback, and repeated presentations of difficult mterial in order to 
adiieve these tu3ic skills. 

The thirel area within the Suppes definition of CAI activities is 
that of prcbl'j"! co Iving. C-\I problem solving involves the activities of 
sirrulation or gandng. Ga'ring and sinrulation are often used vjhen a student 
alre.ady has the basic infomution about a topic. The student is required 
to utilir,c tiiis infcnraticn in his interaction v;ith the canputer in orelcr 
to derive a deeper undorstandLng of the concepts which he has learned. For 
exarplc, r.edical diagnosis si-rulation is a prototype of this type of CAI. 
Ca-.x-s and sk.ulaticns ar-a generally ven/ difficult to prograTi, and this 
area ha> prelx;l-ly lx?cn Icar.t iiivestirated in tcmu^^ of its learning poten- 
tialities for ti-.c student. 

2 . CAI in ti'ie I/j.-g-rrlnp: Process 

Al'r.ost all opinion.-- agree that the use of computtn-^j for reccrd- 
krcpij-./. of ir.;'tf.:cticnal r.iterials or even as aids to assist the teacher 
in cioinr ti;:»' c.-Ti'-urinr tar-Ks (grariing ];o:.>?v:ork, exa-rj3, pre'pai'lng grades, 
etc.) is not v.r.i-ti-.v.v.ilo Icr a \'or\' sL-.-.ple reascn: cost is i^nohibitive in an 
ci-n a.ticrial :;','.■■-!:■■-. at f:.-:' pix:;-ent tijr.o. Furllicnrore the preMa^n is not 
to l:i'lp tho t' •■ i.j I-at ti^ UiC-^ xi'.c chances cT pra;vDting the leaminr, 
prect.T.s aa a v/r.^ic. To v.'l.at o:-: .t c;.-.' c :n ca-Mno effectively computer 
use oxir.l:;;:-. t-.-adiinr rrcrviMcnaia ''o-::-puter'-l\i5-:.od irulti-i->.xlia 

o:>-ii-.-. .0 .'or V..: y-\'ry<:\v c f ir.rarevirv:: t:>.? l(\arr;in-' process ir: still m 
111'.- rvr.t.'. j ai. .!!..l/..r i.'.'; v<.\lca .-.j- nt starts. 

V.'.'.:^ WT, a!-. ■::-:.-rvl-:ci:X in thi':. aioa v;as carrif-d cuL in Flc^jida 
DtaVo rniv-'?v.;iy I ; . Gl,t:^ a- •tur.ir.'; the ur.'.'lul vrvpvctr. of the pixc-rs. 
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A physics course vas dosen and the folla^dnR actions were undertaken to 
trans fomi it into a cQnTputor-b.isod multi-nKidia courGC. 

The lecture presentations of the professor v^o was responsible 
for the classrocn vercion of tiie course were video-taped. This tape was 
utilised to do an aiiaiysis of the content of the course and to determine 
the infcrrxiti::n v.-hich was beLnp; presented to the stxidents. Copies of the 
course teztj wore L-ca:red, tiie types of skills w^iidi were required in order 
to solve the quosticns in these tests were analyzed, and the homework pro- 
bleru v/aidi ti;o students were required to do were also analyzed. 

A series of CAI honework review probleins v;as set up and mde 
availiible on an cptlonal basis to the students in the regular physics 
course. Ilie students were offered an opportunity to get homework and 
test-like questicrio which were similar to those they would be receiving 
on the test. Ti-:e corxuter supplied ans\-;ers to tlie questions as well as 
renedieil fecdbad-c and reinforcement. 

A great deal of data was gathered and the video tapes were 
used to go c.±out tr.e developn^-^.nt of the individual lesson sequejices. It 
was decided to ::xJ:e the C/J. ph.ysics court:e a multi-media course, i.e., not 
to dc;p.^n^l solely UL;cn the corquter as th.e presentation device, but to take 
advdiit.-!;.e of filr; Icon:; produced in exrx?riix^.nts usually carried out by 
the iirjti-T.;ctor h\ the cla'iGroon, the audio tapes whidi v.'urc coruprcssed 
ven;?!oi-..; of rcrr of the lecture prcscntaticns, and the textbook v;hich 
the i;ti:.i'^nl:r- v-vrv rvjquired to read prior to starting', a lesson. 

Ilio G\r 5-.yster. itLiolf was used for monitorinr, and ^-/aiding tlie 
stirJ-jp.l;; thn:-.:,-;. tlv' l.or.:.-o!i:', for continually ix-viewing their pro- 
f;m;r> ii. :>;;'th tr.o. t»';-.tijir. ^u-.d yjviev; laxk', ar;d for I'rovidin^", rcr-.i^dial 
infor ■!:/:'-. ic^n Lo ti;-.'::;. Ilo efforts of r-evoral profe;::;crs uxr.\ the physics 
dop:u'u:!.\'r. , v.X'r\> ;.x,.--':n(:d v.-ith tl-.at of r'.'V'jinl "codorc" (cxT'cits in the 
CAT l.i::/''.;.'!;--.- i:t; '..I;/d by tlic-.i^' ( :orri;t'. t) and pior,r<:'j;j.i.Tr. to develop and 
ca:vli^ tl;'.; v.ii.'.r.c- -.yrtv-n.. •■.ui.illy, proc-torr. v.vrv 'u'/.i-d to v.'orl: witli 
slv.ci-.'nl:'. v-.:. 1 to 'i.'..'ri. 
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The outccoe of this first study was a significant superiority in 
"die final evades of the students who took the course by CAI as compared to 
a matched sample of students iron the conventional course. There was also 
a considerable tine savings. 

3. Conclusicnn /sbout CM 

A careful analysis of the preceding activities and of the results 
obtained rcveal the folla-;ing prepositions at^out CAI course (curriculum) 
development: 

3.1 The syste-ms appror^ch to the development of instructional 
materials is introduced as a model (Dick's) [Ref. 3]^and sunmarized 
in a fla-/ chart. The steps in the ir<odel are: problem ideiitification, 
analysis of the teisk, knowledgei of the student population, formlation, 
of behavioral objectives on the basis of the behaviors expected of 

the students on the tests, specification of the instTuctional strategy, 
media selection, field testing, and finally the formative evaluation. 
Here tlie sindlarities bot\v'een this model and the steps specified in 
the section titled "Course Development" should Ixj noted. 

3.2 The instr-actional nvodel exiployed above v;as derived from the 
results of nu-..erou3 research studies [Ref. 6], conducted at the CAI 
Center' at Florida State University dind elsewhere, v;hich seem to 
indicalo tl.-t widl- tutorial C/M is aii effective instructional 
str<ite;y, it is i::-*lLkcly that it is going to nvd-ce a significant 
irapact on educaticn l^ccauce of the cost associated v/ith one student 
uli.tizing a tennln^.l for ivlatively long perial^; of time during eacli 
in::.ti\ict.ic-n.il :>.-•:•: -ion. Ihci^forc, other t^.'pet: of computer strategies 
(f.ij::v.l;',tio;i, cii-liiv:! prx;Mc-:r. solvinr., Gil) r.hould he invcst.igated to 
dclC'irinci tlic lole th>:y Ccui play in education. 

3.3 Tlie lilrher the tonnijial criterion pcrforr.ance oqx'Ctcd of 
tlie students for v.-iiom th.o. i:-atorjalr, arvi j^roixitvcl, tlie nior.^ difficult 
will 1)0 tl-.e ;.\'x\;-r.:i;"dnr. of the cciirvc! ^.ind th*.' i:;nix? cannlex will Ix! 
t};o inL:lT^'.:'-;t if rtrut'.--,v, 'Hiero car.!.}o:.:itier.; will coiupl-icale the 
dfV' 'Icj.'iiiint f.;" ir;; .It miction.::! riilcivial:-.. 
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In conclusion, CAI is a tool vAdch should fit within a 
curriculum and vdliun instructional setting. That is, it should 
not carry the entire instmctional load but should be part of a 
nulti-mBdia resource. One concept to keep in mind, however, is that 
the greater the variety of media vMch one chooses to employ, the 
ifore ccmplex will become the logistics for the student and the more 
difficult the total ijiplementation process. 

Finally, the very nature of the CAI system makes it a very private 
leaming situation in which the student can irate numerous mistakes and the 
ccnqjuter will continue to provide him with the type of material which he 
needs in order to master certain basic skills. The same situation repeated 
in a classrxxm could be embarrassing and humiliating. Morsover, the com- 
puter has infinite patience and can even be supported in itF interacting 
with the student. 

VI. AUDIOVISUAL TECHT^QUES 

In this section the use of audio visual techniques, their research 
evaluation, and various theoretical interpretations of their si^ficance 
will be surveyed. The techniques of educational broadcasting, particularly 
the use of educational television will also be considered. The main pro- 
blems and challenf;es of audiovisual education today revolve around the use 
of television, whidi not only constitutes a new and inportant technique in 
its own right, but also serves as a means of utilizing and integrating 
all other forms of audiovisued instructioi. 

1. Educational Sif?ni-^iccince of Television 

All indications are that radio broadcasting orginated in educa- 
tional purposes, but while educational radio has extended university in- 
fluence in several special areas, it has not influenced classroom teaching 
techniques to any j^cat extent. On the other hand the educational signi- 
ficance of television was recognized from its inception, but the costs in- 
volved delayed itc application to educational purposes. However, with new 
rtJcordijig tediniques, it is no longer tlao cost factor tJaat is delaying the 



ERIC 



97 



use of educational television bit the ijiportance given the caiputer in all 
research in science education. 

Educational television makes use of two types of transmission: broad- 
cast or open-ciraat, and closed-circuit. The latter uses closed-circuit 
camera-monitor chains linked by wire and is less expensive. Color televi- 
sion and stereoscopic television have limited use in education. Color 
sa«tijtBS is used for medical and biological demonstrations, and stereo- 
scopic displays are valuable in training remote control techniques. Tele- 
vision recording capabilities make possible the storage of unusual demon- 
strations for instructional use, and iirmediate playback of a televised re- 
cord is valuable in training in canplicated or dangerous skills. 

Educational television is a natural medium for many specialized demon- 
strations of laboratory, therapeutic, and medical procedures. However, much 
educational television teaching is conventional in nature, following 
established procedures of lecturing with coordinated visual displays. 

The point has been made earlier that one of the most significant 
characteristics of television as an educational medium is that it can incor- 
porate all other forms of audiovisual display, i.e., any type of visual or 
auditor^' material can be transmitted by means of television. There is a 
teaching system called "telemation" which does indeed incorporate all audio- 
visual techniques but in a somewhat nwre elaborate fashion than that pro- 
vided by television alone. The main purpose of telemation is to provide 
four or five sources of audiovisual stimulation to the student automatically 
and, if desired, simultaneously. TelemtLon has been referred to as an 
automated classroom. Tlie audiovisual equipment is: two slide projectors, 
a movie projector, a tape recorder, telepromptcr units, an opaque pro- 
jector, a four-speaker sound system, controlled lighting, a television 
projector, and an elaborate system of electronics to control all these. The 
cost of itttdifyinn a cL?/jsrwm and installing the equipment is quite high. 
Moreover no educational advantage lias been achieved with the telemated 
classroan that could not have been gained with simpler equipnent at a 
fraction of the cost. 



ERIC 



98 



Finally the oamon motivational interpretation is that audiovisual 
* devices function as aids to learning by arousing interest and orienting 
tiie student in the right direction. 

2. Evaluation of Audiovisual Learning 

The nain results may be suninarized as follcw-: 

2.1 Studies of tlie notivaticnal effects of films and graphics 
have had inconclusive results. There is no conclusive evidence 
that interest in instnictional materials correlates highly with 
their teaching effectiveness. 

2.2 Audiovisual techniques in camon vd.th other instructional 
methods have very specific learning effects. Films may be equal or 
superior to conventional methods for some areas of learning, includ- 
ing training in perceptual-motor skills. Tape recorded lectures may 
be as effective as live teaching for limited purposes. 

2.3 The aijdio channel is more effective than print only for 
poor readers or when the material is eanily understood. Evidence 
indicates an advantj^e for combined channels over a single diannel, 
although the addition of pictorial material to verbal sometimes 
retarxis learning of the specific items lised. 

2.U Evaluation of audio-visual instr\icticn are hampered by the 
fact that there are no adequate tests of nonverbal learning. Verbal 
tests favor verbal instruction and thus do not permit valid com- 
parison between verbal and nonverbal media. 

2.5 Therxi are no general riiles for sequencing demonstration, 
practice, and review units. The optional sequence appears to depend 
on the ccfnplexity and intrinsic organization of t^ie particular tcisk. 

2.6 In general, active participation during film showings aids 
learning, but covert participation may be just as beneficial as 
overt. Audiovisual materials should be decigned to elicit the 
desired renponses, either overtly or covertly. 
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2.7 Special embellishments of filjns and graphics do not increase 
learning unless they aid specifically in ma3dng iiTi>ortant discrijnina- 
tions or in prcnoting understanding. Devices that call attention to 
ijiportant points aid learning of those specific points. 

2.8 There are no significant differences between the effectiveness 
of television teaching and that of conventional teaching. 

2.9 Although "educational television" is judged to be an effective 
Wcy of demonstrating laboratory and other procedures, sane evaulative 
studies have turned up no significant differences between the achieve- 
ments of television and that of verbal laboratory instruction. 

2.10 The final worth of educational TV imist be judged on the basis 
of vAiat it can do better than other techniques. Its special features 
are renote transmission of audiovisual displays, iinmediacy, pre'feenting 
derfcnstrations, expert teaching and tirely events, and recording and 
retrieval possibilities. 



VII. THE SELF-EISTRUCTION SYSTEM, "ALF" 

1. Components of A Self-Instruction System 

Slajrecka of Georgia Tech describes a self-instruction system as 
a tutorial systen characterized by the absence of the live instructor as 
the dispenser of knov;ledge. 

The components of a self -instruct ion system are a structured 
meirory and a programrrBd preceptor. Tlie irEmory stores learning materials 
in a form suitable for tivmsmission and for perception by remotely located 
learners. It contains learning units of variable length, stored in a 
fonn suitable for perception by the learner throup^h his aural and visual 
censes. The irdn5.rnum necessary storage includes th.e prijnary information 
contained in a black boarxi lec;ture, i.e., synchronized nanrative speech 
and kinectic Eraphics. Each "audio-crapluc" Icarrdng unit is identified 
with respect to its objective (leaininr. fpal), c^id is linked to its pre- 
ceding prerequiijite unit or units. ITius for my given locaning goal the 
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optimal, the shortest, and the alternate "lists" of learning units can be 
specified. Additional description of learning units by subject pennits the 
identification, via an index, of subject-related presertations. 

A piograimed preceptor controls the transmission. It is programned 
to transmit learning materials from mrroory to remote locations such as 
classrocm and other types of conveniently located leaming sites. 

The control over the system is partially vested in the progranroed 
preceptor, and in part it resides with the learner. User-imposed control 
over the system is of 2 types. On-line control gives the leamer the^ 
ability to start, stop and repeat a presentation and to jump at any tine 
to any other learning unit in the system. Using these caimands, learner 
can orient the selection of learning units offered by preceptor, and in 
such a manner participate, on line, in the design of his learning strategy. 
There is a second control mechanism which interposes between learner and 
preceptor the services of a human tutor; it is tantamount to an appointinent 
or a conference with a teacher prior to overriding the progranmed preceptor, 
Incurred in this type of cont-.x>l will usually be a tijie delay. 

The self-instruction system operates in two modes, scheduled and 
ai-demand. Scheduled operation is authorized by preceptor pregramned to 
release a predetermined schedule of presentation, each running for a 
specified period of tiine to specific learning sites, and at specific times. 
In the on-dGmand mode, preceptor receives and responds to requests for 
transmission of randcrn learning units or unit sequences issued fran open 
classrxx»ns. Both n.c<les cf self-instruction can serve, optionally, either 
group audiences (e.g., a class) or individual learner. 

The self -instruction system can be shown schematically as 
follows: 
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2. /iudio,^aphic Leam-iJiF, Facility CALF) 

2.1 Objectives- The Audiograpihic Leaning Facility is an 
example of a self -instruction system. The main 
objectives of the system are: 

- to define the maniinum content of memory necessary for 
adequate self -instruction. 

- to develop a model of the self-instruction process, 
and to describe its pedapof,ic requirements. 

- to define a unit of learning, materials suitable for 
self-iiifjtruction, and to specify its content elements. 
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- to define the data elements required by preceptor for 
the purpose of designing and effecting valuable learning 
strategies under program or learner control* 

. to store in menoiy a small subset of knowledge for ex- 
perimental self-instruction. 

- to design a physical facility permitting liie demonstra- 
tion of self-instniction by group and individual 
learners* 

- to obtain gross initial indicators of the self-instruction 
system behavior, econanics, and effect on human learner 
and teachers. 

2.2 Characteristics of ALF - Tha main characteristics of ALF 
ar& its storage of narrative speech and line graphic "blackboard" 
lessons as the mcxiular contents of memory, and its capability 6f » 
actively involving learners in the design of their learning 
strategies. The conmmication between preceptor and learner and 

the transmission of audiographic leamirg materials employ standard 
telephone lines. 

2.3 Conclusions - Tlie analysis of the ALF reveals the following 
conclusiais : 

- the learning mterials stored in audiographic form con- 
stitute a significant iirprovement over average li'-e class- 
ixxxn instruction with respect to the follor/ing qualitative 
factors: organization of tlie subject materials, clarity 
of presentation, and eccnaiy of time. 

- devices and descriptors can be devised which cumula- 
tively comprise a dynamic, relational index to the logical 
and pedafpgic structure and to the use of large bodies of 
substantive knwlcdge stored in the system. 

- devices can be devised and included in the memory of the 
system to facilitate learning diagnoses and self -testing 
by learner. 
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- the joint use of these devices and the preceptor *s record 
of the stnicture of the stored loiowledge enables the 
learner to fonnulate and revise on-Line, efficient, and 
effective learning strategies, and thus to ccnpensate for 
the absence of a human teacher in self-instnicticn. 

- the development of tl-ie memory contents is highly eccxwinical 
in corparison with other media of instmction, bo-di live 
(classroom teaching) and recorded (television, prograinned 
and carputer-assisted learning) ; the preparation of a 60 
minute audiographic lecture, including the organization 
anu recording of materials, requires approxiJiately five 
nan-hours of effort. 

- initial reactions to the ALF by students and faculty are 
not discouraging. 



VIII. CONCmsION 

This report is concluded vdth a tentative matrix, which shows in 
its entries the possibility of using the outputs of the existing informa- 
ticn centers in the design of inputs to the teacMng devices already 
considered. 

Clearly, a more detailed study of this matrix is required (classi- 
fication by subject matter, level of difficulity, etc.) to obtain an analysis 
of the potential inforroation requirements for new educational tools and 
systems. 
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PART FOUR 

DESIGN AND OPERi\TION OF THE STITE SYSTEM 

I. EXAMPLES OF FEATURES OF STITE AIID THEIR POSSIBLE USES 

1. Searching Functions 

1.1 Simple information retrieval, facts, specific knowledge, 
tables, materials, chemicals, temperatures, etc., as re- 
quested from outside or as supporting processed request. 

1.2 Literature or research report retrieval relevant to 
certain topic, list of existing courses universities 
or other schools, lists of lectures, actual or planned 
for future. 

1.3 Special lists of new information available. 

1.4 Lists of knowlclgeable professionals available for direct 
requests, discussions, or advice and arrangement for their 
communication, including voice, picture, and drawings. 

1.5 Existing methods or programs available commercially, or 
available through agreement with public or private owners. 

2. Switching Functions 

2.1 On-line demonstration at site, SI, based on materials o\med 
by site, S2. 

2.2 On-line live demonstrations of unique biological, medical, 
physical, chemical laboratory experiments or rare experi- 
ments and procedures. 

2.3 Live lectures of distant lecturers, classes fwid group dis- 
cussions by remote participants, facilitation of partici- 
pation in problem solving processing for remote partici- 
pants. 

3. Internal Features 

3.1 Course design - automated grouping, of subjects into sub-topics 
based on the material, knowledge of the class, intentions, 
etc., and course updating with new infurmation. 

105 
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3.2 Demonstrations prepared from retrieved materials, films, 
special formatted data, graphs, and closed circuit TV tapes. 

3.3 Semi-automated or fully automated preparation of quizzes 

or tests, their evaluation, recordings, statistics, and grading. 

II. T HE TEACilcR'S ROLE IN USE OF STITE SYSTEM 

With the increasing power of the STITE system to provide information 
to the teacher and making much of that information directly available to the 
student as well, the role of the teacher in the educational process will 
gradually change. The uniqueness of the educator's knowledge will be aug- 
mented by his access to STITE. On the other hand, however, automated search 
and retrieval transmitted directly to a student will eliminate the necessity of 
the possession of that knowledge on the part of the teacher. In more* » 
advanced uses of STITE the teacher need not even be fully aware of the exact 
information being transmitted. 

A two way shift of the role of the educational process can be envisioned as 
a result of both increasing power and use of STITE. In relation to the student, 
the teachers' interface will be gradually described more and more in terms of 
advisor, planner of education, manager of educational process, or strategist 
of education, rather then being the direct transmitter of the specific knowledge 
and experience as it is today. 

In relationship to the educational process, the teachers' experience 
in research and in educational methodology will be utilized more toward improve- 
ment of the STITE system and less tov^?ard direct work with students, though the 
latter probably v.ill not be completely eliminated. Improvements in the methods 
of presentation of the transferred material and in the degree of sophistication 
of material will require that the personnel in charge of those improvements be 
at least on the level of today's educators in tenns of their knowledge, educat- 
ional experience, und research qualities. 
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m. OP ERATIONAL SCHEME OF STITE 
1. Definitions 

1.1 STITE system - Scientific and technic9l information transfer 
for education. 

1.2 Request CRT) - A task directed to STITE by an Educator. 

1.3 Request schedule CRTS) - A schedule which is a result of 
the first operation of STITE on the request CRT) and which 
lists necessary activities and their sequence. 

1.4 Process for development of the schedule CPRTS) a schedule 
under which RT will be processed, listing future activities, 
their sequence, and conditions for their implementation. 

The process, PRTS, can be performed initially as human activity which 
will later be made a man-machine interaction and finally fully automated. PRTS 
has to decide the activities necessary for complete processing of the request 
such as: 

-input formation. 

-request for certain information. 

-request for help or human intervention. 

-order in which the activities are to be performed. 

-conditions if more than one activity precedes. 

-que information as to the importance and urgency of each activity. 

2. Description of Scheduling Technique 

The scheduling technique will be similar to PERT-system scheduling, 
or the PETRI - a system in which a collection of activities is prepared and a 
net\;ork is created showing v.hich activity and under what >.-onditions the system 
can bo activated. The schedule is made in the form of a directed graph where 
nodes are the activities and arrows shov, their ordering. Any activity can be 
started if, and only if, all activities of preceedings nodes have been successfully 
finished. 

I-or cxair.plc, let A^ A2, and A- be activities ordered by the graph. 
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Let A^, A2, A3 represent accomplished activities. Then activities that 
can be started at any future time are A^, A^, Ag, while A^q still has to wait 



for Ag. 
Let: 

A « set of all activities 
Aj^ s activity k 

A^, b s l,2...b s set of all immediately preceeding activities Aj^. 

0 « value of unfinished (started or not started) activity 

1 a value of finished activity 

Then the condition for starting activity Aj^ is: 

n Ajj « A^ . A^ ...A^ = 1 (Ml) 
for networks with one alternative schedule or 
UiX^ s 1 or B(A^j) « 1 (M2) 
For networks that contain more than one alternative schedule, where E, n, 
B stand for Boolean sum. Boolean product and Boolean expression, respectively. 

Assuming that there are also external conditions Cj^ for the initiation of 
Aj^ (e.g., the centre that is to be interrogated by will be closed next month, 
etc.) and that each condition cj^ C^, m » l,2...m described as Boolean 
variable where: 

s 0 = condition is not satisfied 

m 

= 1 s: condition is satisfied 

m 

C. = B(C^) is a Boolean expression describing outside conditions for 
jc ni 

initiation of 

then (Ml) is replaced by 

n . = A] Aj.../^ . BCC^) - 1 CM3) 

for one alternative schedule and (M2) is replaced by 

ilir Ajj . B(cjjj) « 1 (M4) 

for multialtcrnativc schedule. 
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Regarding the activities as Boolean variables offers adequately powerful 
representation of the graph (with all alternatives) enabling representation 
of the graph in the form of Boolean conditions and use of the graph for control 
of the corresponding start of activities in proper order. 

In case of an alternative schedule, strateg)* must bo determined which will 
decide when and how available alternatives will be chosen. Examples of the 
strategies : 

-try less expensive alternatives first 
-try the fastest alternative first 
-follow all alternatives at the same time 
and stop when first one is implemented. 
.Two alternatives will be followed in our research: 

-representation of the whole scliedule in « 
form of Boolean condition suggested above, 
-representation of the schedule in graph- 
table with conditional transitions. 
After both approaches have been studied in detail and carefully evaluated 
the selection of the appropriate approach or combination of approaches for the 
STITE system will be made. 

3. Change in Cer.eral Condition of STITT 

3.1 Tvpe of change - a number of types of general condftlon change 
IgCCH] can be recognized. 

3.1.1 Internal change - caused by time, derived from real time clock, 
moving ahead hours, days, dates or any real time unit involved 
in the planning 

3.1.2 Extcmal change - new information arrived at a terminal or 
message buffer and needs to be inserted into A for processing. 

3.1.3 Interaction requested from outside - STI'iT, system is to switch 
to interacting .lodc in order to interrupt processing, place the 
request into Q with highest priority, or to parallel process 

for interactive activity with no interruption of Q. 
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3.1.4 Interaction requested from inside to interface with outside 
source or to deliver the generated data. 

3.1.5 State of Q - determines whether system is to be active or 
inactive. 

Activity Q is formed from all activities, called internal activities, 
that are to be performed by STITH. Regarding Q as a set of activities I to 
be performed, there is: "{{I}} = Q 

Internal activities are: 

-request for processing: make the schedule 
-condition C has been formed: identify all requests 

affected by C, insert then into Q marked by C 
-condition C of the request has changed: mark ready 

activities for initiative, insert then back into Q 
-activity is to be initiated: check the conditions 

for initiation (whether changed while waiting in 

Q), initiate the activity Q is empty: system 

inactive 

Distribution of the control among the levels is shown schematically in 
Fig. 4. It is a three level hierarchy governed by both internal and external 
conditions of STITE. Conditions through form state of the element 
that transformcs ther. into controlling signals for level etc. 

It will have to be decided later whether or not interrupts generated in 
and directed to'..'ard L2 or L5 levels will be necessary or useful. 

The concept of hierarchy will likely be modified according to the centralized 
versus decentralized concept of STITH, or in consideration of other conditions 
uncovered by r.iorc detailed design. 
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3.2 Levels 

From the preceding description, a three level control system for STITE 
is envisioned. It will comprise mixed features of computer timesharing, multi- 
programming and operating system. 

3.2.1 Level L^: Processing of general conditions tGCCH) that are: 

-internal change (clock), C^^ 

-external change (new-input), C2 

-interaction asked for from outside, 

* 3 

-Interaction asked for from inside, 

4 

-request for of line output, Cg 
Level 1 brings the system into one of 32 states (msl...2^) where for 
each of them it will have to be decided what the corresponding activity of LI 
should be (i.e., if 2 and 3 conditions occur at the same time, which one should 
be processed first or differently than if it occurs alone, etc.) * » 

3.2.2 Level l^: It is assumed that one activity of Q can be processed 

at a time. This is very likely true if the STITE system 
is a centralized system with one computer. 

It is anticipated, however, that the assumption depends on the design of the 
system, where common Q can be created for more centralized or decentralized com- 
puters. Separate Q's for each decentralized site is also likely. Our level 2 
description is therefore more to convey basic ideas of the design approach than 
to make the decision on the concept at this time. 

Level may consist of a simple or a more sophisticated operating system 
node in which activities stored in Q are retrieved, based on a convenient 
criteria (priority, operational characteristics recognized for that activity, 
other criteria), and processed. Tl\e condition of Q creates an empty or a busy 
signal as a condition C4 for level L^^. 

A simplified flowchart for level 2 operation appears in Fig. 13. 
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3.2.3 Level L«: Level L- operation consists of the activities shovm 

on Fig. 3. 

-preparation of the preparation of the program from 
internal library subprograms 
-processing of 

-recording the location of generated data for the 
corresponding request 

-Generating new requests for activities that do not 
occur among the scheduled activities of the request 
(internal to the library subprograms, i.e. if such 
subprograms has been used that requires additional 
activity) and inserting them into Q, if the new 
activity is to be handled by STITE or into external 
Q called EXQA if the activity is to be performed as 
external to STITE e.g. request for additional infor- 
mation to an outside information center, where EXQA 
is a file for outside off-line communication. 
3.3 Comparison with Existing Concepts. 

In comparison with existing concepts in computer systems, a 
loose parallel of the activities of the STITE system can be drawn as 
follows: 

-Level 1 = similar to a time snaring concept 
-Level 2 = similar to an operation system concept 
-Level 3 = use of the concepts of automated programm- 
ing, possible multiprogramming for better effect- 
iveness in case STITE should become a large system. 
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IV. DESIGN CONCEPTS OF STITE SYSTEM 

The design concept of STITE refers to the way in which units of the 
system, such as terminals, processors, various types of memories, and its own 
data banks are distributed over the geographic area involved. It has been 
assumed from the beginning that the geographic area covered by the system will 
be hundreds of miles in node-to-node distances, rather than all units being 
placed in the same to\m or even in the same building. 

IVhen such a large geographic area is to be covered by a relatively 
large system, problems arising from distances involved have to be resolved. 
For example, what type of coramimication will be used and what will be the best 
network for that communication and what will be the best distribution of units 
over the nodes of the network?. 

There are three main parts that need to be recognized in design: 
-the units of the system 
-communication network of the system 
-distribution of the units over the nodes of the network 
1. Units of the STITE system 

It is useful to recognise two types of units that are directly 
part of the STITE system. First, there are internal units of STITE, being 
recognised as units that are controlled, served, or are, in a broader sense, 
under the adjninistration of STITE. Secondly, there are units that are sources 
of information for STITE, such as information centers, that are not, however, 
under direct control of STITE. They are called external units of STITE. 
1 . 1 Examples of Internal Units 

1.1.1 Terminals - "Terminal unit of STITE" is the terra 

which will be used in as broad a sense as possible to mean units' 
interfacing bctv;ccn STITE and its environment. The following will 
sei'vc to illustrate the wide variety in each sub- category. 

-common computer terminal - keyboard, card reader, or card 
punching machines, printer, paper or magnetic tape, 
-less usual computer terminal - plotter, TV cjuncra, cathode 
ray tub dii;;ilay, digital display, light pin. 
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-possible terminals of near future - voice input and output, 
color TV, remote handwriting. 

-scaled instruments and indicators - measuring panel instruments, 

various meters, controlling lights, osciloscope. 
-manually operated devices - picture transmitting devices, cameras, 

films, projectors. 

-final receiver or original source of information processed by 
STITE - clerk, laborer, instructor, educator. 

1.1.2 Processors - The following are examples of processors, 
all of which can participate in information processing, transmitting, 
reformating, on-line remote demonstrations, live simulations under the 
control of a remote site: 

-central processor of large computer 
-mini computer 
-computing center 

-analog computer (e.g. deferential analyser) 
-caning device for multi instrument panel 
-special computers 
-simulators 

1.1.3 Storages - Various types of computer storages, memories 
and internal data banks. 

1 . 2 Catogorics and Examples of Externa l Units of STITE 

WTiile the geographic location of external units is given, there arc 
the internal units of the system that have to be decided upon by the design. 
Some of the internal units will have to share the same place with external 
units. They are mostly terminals. Others, like processors and internal 
data banks, need not, and it is the role of the design concept to decide 
about their most effective location. 

1.2.1 Information Centers - The second typo of unit is called 
external units. V.ioy are units that interface the system by supplying 
requests and STITE data from extcmal data banks, information centers, 
libraries and other sources of information fOx* STITE. In a broad sense 
they are the environment of the system. Tliey interact with STITE how- 
ever they arc not under the direct control or luuler the administration 
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of the system. 

1.2.2 Educational Institutions - Educators, schools, school 
systems, colleges, universities and other centers of education (to 
which information is being transferred via STITE) . 
2. Communication Network of STITE 

"prom the beginning it is very clear that there is no need to design 
the communication lines between the nodes of the system. Existing communication 
lines, such as telephone lines, and TV networks, are and will be sufficient for 
use in STITE. It is accepted that STITE will operate on whatever communication 
network is or will be available in future, rather than necessitating the design 
and implementation of its own communication lines. This approach is being used 
by many other existing geographically widespread systems like large company 
communication networks, computer- communication networks, and education communi- 
cation networks 

From the designing point of view of STITE, it has to be indeed kept 
in raind that communication lines with improved communication characteristics 
are certainly possible and that the design of STITE has to provide room for such 
future improvements as they become available. For example, more and more effect- 
ive TV lines via satellites and laser beams or laser beam telephone channels are 
just two of the ways of communication that will have an impact on future communi- 
cation networks. STITE system has to be designed in such a way that it will be 
ready to absorb such impacts rather than ignore them. 

On the other hand, STITE is essentially a computer system. As such, 
it will very likely not face any impact of future technology of communication in 
. isolation. It will rather follow the same paths that will be followed by other 
computer comiuiication networks and it will utilize and adapt to whatever will 
be offered -is feasible continuation. 

For these reasons, no special attention will be given in STITE 
research to the direct problems of communication lines except for the economy of 
the use of already existing Vnos. It is rather the distribution of the intemal 
units over the noUcs of the communication net\.-ork that will be the center of 
research interest. 
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3. Distribution of Units Over the Nodes of the Network 

3*1 Distribution of Nodes 

There are many ways in which a system can be analyzed, designed 
or viewed as a system of nodes. Among them are: 

-geographic location. of the units or groups of units of a 
system - The nodes are then described as configuration of 
the units that are placed at the same location, i.e. in the 
same room, or in the same building, on the same campus, in 
the same city, in the same region. Geographic location is 
important primarily for the communication networks, main- 
tenance of the system, and communication costs, 
-functional vicu-point - The nodes of the system are grouped 
according to their role in the system. Units of the system 
belonging to certain nodes participate in the same engage- 
ment, regardless of their geographic location, 
-administration viewpoint The units of the system are 
arranged into nodes or groups according to criteria such as 
financial supervision of the system, charging structure for 
services, paying for outside information, and paying for man- 
power associated with the system. 

Traditionally it seems to be desirable to unj fy the above three 
viev/points aid create the node with units in the snme location performing the 
same functions aiid being considered as one unit administratively also. This 
approach, ho'.vever, is not necessarily them most economical or her^t approach 
from the standpoint of some other criteria. Per example, if expertise using 
more than one person is required ajid each of them lives at different locations, 
their torininals can be connected to the same computer where both of them con 
contribute to the saine function. On the other hand, the same person can fiuiction 
in one capacity in one location while in another, different capacity he can 
regularly contribute to the problems being solved at another location. 

Thus, communication allows participation by a person in remote 
activities -./itliout tlio nccJ for relocation of the person. It is then the type 
of function in which the person is involved that is more important to be 
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recognized than the actual location of the person himself or the site for 
which the service is being granted. 

Use of computers in large systems, however, docs not always 
complicate the situation. It enablei, the entire system to track and record 
internal activities, including information comprising who is involved in 
certain activities, (i.e. what person, what group of persons, what nodus of 
the system, what prograras, the extent of the involvement) and in what capacity 
the involvement is being made. Providing this and other types of information 
and being implemented on sound design, the system becomes a highly dynamic 
entity involvyd in its servicing function with many progressive features. 
It need not to be limited to particular geographic locations. It can be 
properly administered because the administrative structure, based on the 
administrative viewpoint can freely bo imposed on the existing system and 
easily adapted later if the growth of the system requires it. Functional 
structure can be made, matching the adminstrative structure in one extreme 
or being dissociated from it in the other and grouping the system units can 
be mutually independent by infrastructures. 

New dimensions can be given to systems in terms of flexibility in 
adaptation of its infrastructures to changes, anticipated or unanticipated, 
in the growth of the system and in constantly augmenting the power of the 
system by adding new features. Flexibility -in reallocation of the- control of 
the system may range from localized to centralized controlling function or 
vice versa, and charging structures, management problems, and other administrat- 
ive manipulations can be flexible. Provision can also be made for flexibility 
in responsiveness to the needs of the system customers, and in the introduction 
oi innovative approaches. 

3 . 2 P es i pi of the System "odes 

It is primarily the fimctional aspect that will be in the 
center of attention of project STITB research. Studies of the 
fimctional nodes and tl.cir tentative design will help to formulate 
conditions, specifications, and operational chavnctovisticf for both 
refinement of the design and for implementation of STITH. 
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Once it is decided what the functional nodes of the system will 
be, the next step will be to decide where the activities related 
to that function will be implemented. Three possible alternatives 
will be examined: 

-centralized system - All function performed at one 
selected Inrntion 

-decentralized system - Basically the same function 
can be performed at different geographic locations. 

-dynamic system - Tliere is no specific place where 
certain functions must be performed. It is under 
the internal management of the system that the 
location of functions is changed under certain 
conditions. If a function is used the systeif4will 
direct the corresponding data to the site that"*is * 
in charge of that function at that time. (The whole 
STITE system acts in a fashion similar to a large 
operating system involving many computers and/or 
centers.) 

The following illustration sketches the descidbed situation as a Q 
that collects all requests fr^m the input and places them into QA 
in a line, where they wait for processing. When retrieved from Q, 
they are processed for allocation to the proper place for further 
processing. 



I 



Input 



Distribution of tlie acrtivitics to the nodes 
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3.2.1 Centralised Q - Jobs such a customer requests, required 
sub-activities and interface with information centers 
will be collected in Q. Then they will be distributed 
to other units or nodes of STITE that in turn will feed 
back the information about finished activities and also 
signals indicating that they are ready for an additional 
load or that they are still busy. It is, however, the 
central part of STITE that continually keeps track of 
out-put data of each activity and collects all data back 
into the center. 

3.2.2 Decentrali:od - Jobs are collected in a different Q of local 
character or grouped in different Q's according to the 
character of the required activity or some other convenient 
criteria. From there, jobs will be sent to the facilities 
servicing the corresponding Q. 

3.2.3 Ridding System - This system is a reversed concept of cen- 
tralised control. The center collects only the jobs and makes 
available a list of the jobs to processing nodes of the 
system. Tlie nodes send conditions or bids under which they 
can process the jobs. Tlie idea is that the subcenters or 
processing nodes are in competition to provide better service, 
•mis would enhance improvement and economy of the system. 
Bidding system is a new concept for the design and will be 
considered in research in much more detail. 
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• PART FIVE 

L nilK/mJRE SURVEY 

I. imoDucnai 

The STITE project proposal states that the design of the descriptive model 
will be prrjceded by "a review of the relevant research literature on the systems 
approach to curriculuTA development." The purpose of such a review will be to 
identify' and evaluate developnents and research that have already been conducted 
in this field and to deterroine their usefulness in the design of the STITE system. 

The subj(^.r.t rBnge of the project will be delineated in tenns of topics and 
categories, and then appropriate indexes, reports, and other publications will be 
searxiied to identify and evaluate those materials vMch are significant for the 
goals of the STITE project. 

Finally, a bibliography of relevant literature will be canpiled. « ^ 

li. S COPE OF TiiE LITil^ATU?;E SURVEY 

Ihe purpose of the STITE project is to study, design, and evaluate a system 
for the transfer of science information from its present repositories into a 
science learning system. Tne scope of the project can logically be divided into 
three parts then. 

Firct, ther^ n:ur>t be an identification and an cj idly sis of existing centers 
and systeiTG in terr^ of the subjects they include, their operating dMracteristics 
and the ways in which they are used. 

SeconcEy, there v;ill follow a definition and description of learning tool'^ 
and systcri3, and an ^uialysis of tlie mathodoloE/ involved in designing them, as well 
as soim evaluation of ituir usefulness wi-di r^espect to the objectives of the STIIT: 
project. 

TnirxOy, thcrc mist be son>e consideration of infonikation transfer systems 
and neti;or:cG to datoi-^r.Lne their significance for tlie design of the proposed trans- 
fer systoni. 

Ihe subject ccope of the literature searcri will folio-; the three aforciuentioned 
divisions, i.e., cci'-nco and tcciuiical infoitncition centers, leamiiig systej.^i;, 
and infoi-ration ira:i.;i'jr L,yLitcr;i' ; aiid nct.;or]-.s. Initially, spot d.'jcks for t\-;- 
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levant references v;ere rade within the designated subject areas, and this pre- 
liminary and tentative outline of tlie survey, with some rwidom references, has 
been developed. It vri.ll be expanded and refined with future investigation. 

III. SCIENCE .AIID TtaE I ICyi EIFQRMATION CE:>iTEBS/SYSTEMS 

The collection, oi-gonization and dissemination of descriptive infomation 
and bibliograpliic data comprises the so-called "science information system" whose 
services typify the current level of the information industry ~ the establishment 
of computerized informtion utilities and services of different types and pur- 
poses. According to Bushiiell, it is not mere speculation to anticipate the day 
v4\en infonnation acquired during the operation of the central inforroation pro- 
cessing service feeds directly into decision mechanisms that regulate the scheduling 
and instructional programs of the educational institution. 

1. CLASSIFIGATIO!! OF SCIEI^ICE /JE) TEQtJICAL CEI'lTERS/SYSTn ^ 

1.1 On the basis of subjects - lids classification of science infonnation 
systems will determine wriicli centers are to be accessed for development 

of new courses in a given subject area, and it will also facilitate the 
identification of centers capable of previding the necessary science in- 
formation for updating learning materials or for modifying course pre- 
paration in a given subject area. 

Cohan [Ref. 1], gives the description of each science and technical 
jjiformation repository and each information storage and retrieval system; 
he also states ti'pes of output and service available to the U'jor community, 
user cquipr::ent requirsinGiitG , user restrictions and subject coverage. 
Palmar [Kef. (ij, has done aLnost tiic same thing as Cohan has done, but 
he gives litirle description of tj:iG systems. Kruzas [Ref. 5], gives in- 
formation resources available in tiie U.S. in tlie Directory of I nfor- 
mition Rc3om.-cQ3 in tlie U.S. [Kef. 2], and points out tiie holding of 
infonnation in eadi center under subject coverage. 

1.2 On tl-iG ba;:i3 of op;;rating ckiracteristics - TlievG i.s a wide vari- 
ation of auLo::i.ition iM:ai-\^ iiifon.xition content. Some have ccmputor based 
dalvi-boiuc:.;. Oi:ii':;rj hciv-i ooriputcrii'.od nctvoiScs and represent cooporativo 
efforLo to r.iiair-? p.:i;;ourcos of piT)viclod :Lnfonmtion on a multi-vaiit basis. 
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2. /iTIALYSIS OF SCHTICE /w>ID TEQ-EIIG\L L I FORIIATIOM CEIITERS FROM THE 

ym'i ?om of desigi of sciEM cg i:ifori-iation tmi sfer syste-i 

Ihis analy;.. '.s will include descriptive details of the data bases , 
information retrieval and coimnunication , organization of infoniiation, in- 
loircation control, user study, and in what fonns infoniBtion is present- 
ed to tlic user. 

Ihese topics v;ill be helpx-ul in deteiroining the methodology to 
be used in identif^'ing the design criteria for the science inforroation 
trans fe.r system. It also indicates the limlLations of data base, retrieval 
system, and subject area coverage of science informatiai transfer systems. 

Lesher and Na^ick [Ref. 3], point out how NASA technical inforrot- 
ion can be transferred/accessed. Doctors [Ref. 2], describes the IIASA 
technology transfer program. In his article, the roles of federal agencies 
are well defined. . The desigi of STirE v;ould benefit from the contents 
of tlicse tv70 articles. 

Sparks [Ref. 7], gives a inDthodology for the analysis of infor- 
mation systems. Gruber, and Marquis [Ref. 2], point out human factors and 
limitations in the transfer of technology. North American Aviation, Inc.CRef.63 
provides an analysis of scientific and tedinical information requir^nents 
of FA^. Nay [Ref. 5], presents the development of a resource information 
bank for teaching science. Tlieso four articles prxDvide a clear review of 
ha; STICs operate. 

Simpson [Ref. 8], ireJces the observation tliat scientists and 
engineers have solved their wordage and most other informtion preblems 
throu^Ji the cr-ation and use of inforriation analysis centcrD (lAC). I/^.C's 
syntliosiza, analyr/j, and cor.press pertiiicnt Lnfoniation so tliat taiavledge 
tran'^.rcr remains effective. STITE can help in transferring knowledge more 
effectively from L\C to users. 

Libaw [Ref. U], presents a new, genei-alizGo nudel for information 
trxisfor t};at lias at its heart a madiinc-rcadablc record. Iho model ixjijits 
out ha.-i the coi-o ;nid;inc-rv!adcjIjlG record makes possible interfacing com- 
puter ty-osettii.f '.;.i.lh advanc>-.;:d infon;iition tcclinology, the interf.icL'if, of 
prirary w.i.tli zco::\(}irj pul>] i.cations , and the interfacing of data ••dth docu- 
i;ient infoniwition i;y:.-. trjjiis . Ms model v;ould help in the design of LlllTiJ. 
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Ihuronji and Pictkiewicz [Ref . 6], show hew the principal 
users of a small inforroation system are built into the system and hew 
the feedback received from them inpro\/es the system, especially in the 
areas of documont selection, indexing and bibliographic format. 

Raizada [Ref. 3], attenpts to analyze the concept of "user 
acceptability". The factors affecting this are the physical presentation 
of informtion and the semantic contents of the infornation in Hie com- 
puter printouts. Study of "user acceptability" would make STITE more 
practical and satisfactory. 

Saha [Kef. 4], points out that to ensure that the need for in- 
formation is satisfied, user studies are necessary at intervals to 
determine if the infotTciation system as designed and operated does the job 
efficiently and economically for the reader conounity it serves. For 
this purpose the organization handling the informaticn must identify specific 
information services, stucfy reader *s habits and communication modes in a 
particular environiient , and then focus on the problem areas for desirable 
soluticns. STITE v^?ould benefit from Saha's conclusions. 

Kreysa [Ref. 1], makes the observation that Hhe Smithsonian Science 
Information Exchange (SSIE), after expanding its coverage of subject matter 
and changing in administrative or fiscal structure, can facilitate more 
effective planning, management, and coordination of the scientific research 
and development sponsored or supported by U.S. government agencies. STITE 
should be able to do what SSIE has done. 

Lipsitz [Ref. 2], describes how ten thousand homes can be tied to 
a computer center and ha; tliey can fully utilize the information and facilities 
of the cornputer center. Tliese ten tliousand homes could be users of STITE 
in tlie tirture. 

Veazie and Connolly [Ref. 6], point out v/here information analysis 
center products go and identify tlie users who benefit from the services. 

IV. Aii/a.Ysi£ .'■-'iP prsiGi or sct:::c^ riFOBi-'Anon ti^^isfeii sYsinis 

A science infoivnaLion trancjfcr system is a bridge between science 
and tcd-.-ic'il infoi-^iaticn ccntorc -nnd f:cience loaiiiing syster.is. In other 
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words, it transfers valuable infoimtion, upon a user's request, from 
data banks in science and technical informtion centers into science 
learning systems. 

1* Man-Machine Interface VJith Respect to Science Informtion 

Transfer System 

1.1 Question and Answering System - A question and answering 
system pixDvides a qucstionaire for user to answer. It analyses 
his answers to detemine his area of interest, the kind of in- 
formtion he is seeking and his objectives.- Then this systeiu 
will decide either to ask more questions in order to understand 
the user's intention more clearly or to supply the informtion 
requested. It my even suggest that the user use a particular 
learning system v;ith a guide , so that the user can improve his 
work. A science informtion transfer system that is going to 
help a user from a certain background must first aoquire data 
from the user, and tlien throu^ certain procedures, find ways 
to help the user. 

1.2 Editor Rrogram - An editor program provides a means for mani- 
pulating the text of a named file on a named file on a micro tape 
or in the user area of the drum (corresponding to micro tape). 
This file may be used for Utie creation of texl: or for later use 
as data or as a program to be translated by the FORTRAI'I Coii>- 
piler, etc. Tne coinrnands provide for the editor to allow text 

to be created, deleted, or moved about. T^ie content of science 
and tcdr.ology is dianging and enlarging cvcr^'day, and so is the 
inforr.vition stored in science and technical informtion centers. 
Tl^ie scicnaj infon:Btion transfer system must be able to update 
its cvTi data files accordingly by using a fast and efficient 
editor program. 
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1,3 Display and Input, Output Devices - A display is a 
visible representation of data on a console screen in a 
printed report, graph, or drawing, subject to alteration 
by a li^t pen or "stylus." ^ 

Pn input device is the mechanical unit designed to 
bring data to be processed into a coniputer, e.g., a card reader, 
a tape reader, or a key board. . 

Input to the computer can take a variety of forms: 
punched cards, punched paper tape, magnetic tape, magnetic 
cards, magnetic ink, or directly and binary form from the core 
menory or peripheral storage units and various conversion units. 
Quite recently, plain typed print or script in limited voca- 
bularies became serviceable as input to computers. Input is also 
developed photoelectrlcally (scanners) and throiagh the use of 
IV-type cathode-ray-tubes. Audio input is also being perfected 
vd-th limited vocubulary. Direct input can be developed by 
telephone, teletype and numerous other comnuiication devices 
besides the cards, tapes, inks, scanners, and CRTs previously 
mentioned. Proper input devices for the project *s system must 
be found. 

An output device is the part of a machine that translates the 
electrical impulses representing data processed by the machine into 
permanent results such as printed forms, punched cards, and magnetic 
vn?iting on tape. . 

Data can be VOT.tten out from storage to output units, or it can 
be rxsad from storage to output. The results of the processing are 
thus converted to English or decima2,s. They can be recorded in 
various v;ays - as a printed report; as graphs, drav7inp,s, or lan- 
guage for viewing and altering on display tubes; as magnetic tape, 
paper tape, pundied or magnetic cards; or as audio output. Sane 
very dra-ivitic innovations of computer systems concern the nci-zest 
optic devices and automatic-language for viev/ing and altering on 
dinplay tiu^rj; ar. ragnotic tapo, paper tar>:^, pundicd or m\f7iGtic 
cards; or as audio output. Sozn very drair^itic innovations of conv- 
putor systems conceni the nowost optic devices aiid airtomatic-languago 
translators (oxainolo, Rusr-icui- to-English) as well as taUdng iikiddnes 
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and adaptive processors. To find the proper output de\dces for 
the project's system is also necessary. 

m Intelligent Terminal: An intelligent terminal is a unit 
•ttiat is prograonable by the user in much the same way that a 
conventional computer can be progranroed. It has a stored-program 
unit to handle some processing independently of the central pro- 
cessor. Intelligent terminals can offer the user the opportunity 
of reducing costs by doing some processing locally, providing more 
effective data entry tedmiques and oonpressing data for faster 
and more economical data transmission. Greater flexibility is 
possible since most intelligent terminals can emulate other 
terminals and can handle a wide variety of applications, 'nirough 
the use of remote consoles, joint utilization of identical data 
files for research and planning and student, as well as faculty, 
instruction become possible. Inclusiai of "the terminal that i 
thinks for itself" to the project's system would also be desirable. 

Literature on the topic, Man-Machine Interface vdth Respect to Science Infor- 
mation Transfer Systems, v;ill include the follo\dng references: 

Green and others [Ref. 10],dGscribe"Baseball: An Automatic Question-Answer 
Game." Their ideas may be useful in the design of a question and answering system 
needed in STIfE. 

Botterlll [Ref. H], presents the desigi objectives for the Multiple Terminal 
Monitor Task, running under OS/hr/T, a description of the system, the bervices 
provided, and perforrrance on a model 65. Bryden [Ref. 6], describes the majcr types 
of CRT display systems, along v/ith the techniques used, .uc types of hardware, and 
huiren engineering concidcrations. He also gives specification tables for the major 
alpJianumeric and Hne-dr^nving devices available. Scherr [Ref. 18], covers all as- 
pects of display systen design, including optics, photography, device characteristics, 
neasuremonts, and huno-i factors. Stover [Ref. 19], gives the description of a 
unique display capable of true three dimensional, full color displays. The system 
is based on concepts of Icnticulai^ optics and does not u-^e aadliar^' viewing aids, 
•nicse article:, v/ili h'Ap in d-.oo/,j,ng the ricnt display r.yGtein for STITE. 

Rubin [iof, 17], covers GOULxe data aul:o::ation, key tape devices, OCR, voice 
response, dir/td.! plotters, and display d--vdccc>. Ho also demonstrates the appli- 
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cation of each type of I/O device. Murphy provides a basic introduction to 
13ic various types of prints, plus characteristics and product descriptions 
of satellite printing sv'«'t'2ins. 

Auerbach Or^ Alrhanumerical Display Equipment [Kef. 1], provides a basic 
introduction and description of alphanumeric display equipment. Frank [Ref. 7], 
revieivs th^:- availability and use of portable teminals. "Graphic Temmals" 
[Ref. 9], describes in single terros the operation of graphics display systems 
and the different types of systems availab].e. Hi^ Reliability hfaiks Thennal- 
Printing Terminals [Ref. 10], states that reliability and low noise levels 
are two of the advantages offered by thermal printing terminals. 

Murphy [Ref. 14], covers both alphanumeric and graphic CRT terminals, and he 
also reviews terminal tyi^es, their operation, the imrket, and available literature. 

IntelliRont Terminal;? [Ref. 12], illustrates the use of intelligent terminals 
and discusses tiiree specific terminals, the concept of distributed intelligence, 
the a$)plication of intelligent terminals, and costs and problems and reviewed. 
McGovem [Ref. 13], gives the definitions of different types of intelligent ter- 
minals and discusses IBII's role in tliis area, along with comments on future 
diixjctions. Bairston [Ref. 2], makes tlie observation that stand-alone computing, 
data entry, and i-emote batch processing are all possible vjith a conprehensive 
inteUigent tcn.iinal. To facilitate STlTt. i^th intelligent terminials seems to be 
a necessity. 

Brxwks [Ref. 5], describes Oliver's experiment, that of using a computer 
^a0iic system for teadiing numerical analysis, and Johnson's experiment, that of 
computer-administered instruction in teadiing PL/I. He also concludes 15iat the 
use of computer graphics appears to be wore promising for college teaching appli- 
cation tlian coiiventional 0\I, v^^ere weaker effects have so far been found. Grapliic 
outputs on CFrr tcrminaJ.s could occur frequently wliile accessing STITE. 

Van Dain [Ref. 20], discusses display tedinology in detail and gives examples 
of promising irvin/mchine interaction experiments. 

Ilill [Ref. 11], gives p^asons for requiring a nvan-machine interface using 
spccdi, and outlines spscdi production and pcrcoption. He also discusses speedi 
roco«7iition aiid nomc applications. Convorsation^il ability of irfln-nvidiine inter- 
face in SilT^ wor^wh of r.tudy. 
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"New Printer Copies Computer Displays [Ref. 16], describes the new 
electrostatic page printer introduced by SE Coii5>uter Peripherals.. It 
provides a copy of the data displ^ed on the computer video terminal in 
only 3 seconds* 

2» Intercomputer Conrounication/Cbmputer Network 

A Computer l4*etv;ork is two or more interconnected computers. It 
permits geographical distribution of computer capability to meet local inform 
raation processing needs and at the same tijne permts local avedlable capa- 
city to meet requirements from remote locations that are unable to handle 
local needs. Data and programs can be transmitted around the network. For 
inforroation storage and retrieval systems, a network of computers permts 
lailtipoint entry, query analysis, locally iieintained data banks, availabiUty 
of local data banks to all stations of the network, use of comnoi languages, 
central control points or inforination switching centers, and mutual support 
activities, such as rapid data transfer, imn^diate response, reduced Liter- 
ference with local mission, and a reduced necessity for new centralized 
facilities. 

Brewster [Ref. 1], defines the task of planning a communication 
network and discusses a program called iJETSUT to aid in optimzing the netv;ork 
design. KLeiniX)ck [Ref. 6], discusses mathematical modeling, analysis, and 
stimulation in tiieir role as tools for creating the design for a computer net- 
work. 

^•H'-ter i:ct^.;ork Measurements : Techniques and Experiment s [Ref. 2], 
gives the devolopnent of measurv^ment capabilities for the ARPA net;-;ork and thie 
utilization of these capabilities to create analytic models of netl^?ork behavior. 
Harris tKcf. 4], discusses devoloir.ients for the on-line system of the ARPA 
network, including niduction of coix2 requirements, improvements to tiic internal 
scheduliiig algoritaTc, and the developmunt of a multi-line controller. Herzog 
[Ref. 51. reports the activities of the t-mT computer network, and describes 
ooi]TOuni cations jioraVaiXi, telephone facilities, and soft-.-zai^ system;-;. 

Compute r ::otv;ork Koseordi [Ref. 3], poijits out irodelinj^, analysis, 
.meas-jTcini^ntr, and r.yctar.-. 3oftv;are for oornput-r nctv;orkr.. Marill c-uid Cuixjuritz 
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[Fef. 71, present an analysis jf the technic-?! problem of data hdiidling within 
a oonqputer ooni::jnication netv;ork. 

Walcten [Ref. 10], presents a systam of conir'-mcation between processes 
distributed tliroughout a computer netv7ork. 

Roberts and V/essler [Ref. 9], describe the need for a computer network, 
the requirements of a computer camunication system, and the potential uses 
of a computer net^v-ork. 

McCann CRef« 8], gives the general nature of netvwrks: advantages, 
configurations, transmission speeds, costs and media. He also describes the 
planning for a national on-line medical bibliographic service, including net- 
work alternatives, decentralization versus communications, costs, and select- 
ion from alternatives. Those references would help in designing a conputcr 
network in the STITE system. \ 

3. System Safety Security 

3.1 File Protection - A device or method that prevents accidental 
erasure of operative data on magnetic tape reels. 

3.2 Mej.Tory Protection - A specifically design method of insuring 
that the contents of irmn memory, within certain designated but variable 
bounds, will not be destroyed or altered. Special programming devices 

■ or hards/arc tlius guard against t'no effects of equipment malfunction and 

prograni bags in real-tiine systems. 

Stud}/ in the area of Safety-System/Security is necessary, for 

security is an imporL-ant element iii a computer-aided system. 

"A Brief rlir.tor^y of Computer Piuvacy/Security Rescardi at Rand" [Ref. 1], 
provides a reviev; of FA\'D Corporation researdi on computer security and the pro- 
tection of datr in the canputer system from unautliorizcd access. Graliam [Ref. 7], 
points out trie teduucal aspects of protection and the procidur^s wliicli govern the 
access of executinr. progra^ns to various resources in the system. Turn a'"id 
ShapiiT) tr.Gf. 14], discuss the problem of cost effective data security safeguards 
in personal infciTation data banlcs. Friedman [Ref. 6], reviev/s the problem of 
pj-ot'^ctin^; fiv; rlctJiiy data in lar'^c cor,iput;cr filc-s id. a system v;hidi pc;nn.it3 fnc 
sharing of data. 
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Borudi [Ref. 2], outlines a number of distinctive methods for assuring 
the confidentiality of data and relates thorn to security-oriented ii"iforination 
processing activities. Conway and others [Ref. 4], discuss record sele.7l-lon, 
field security, restriction of processing operations, and system implementation. 
Donn [Ref. 5], describes a pseudo-random binary sequence-generating shift 
register for scaiibling digital sn.pjials. Hav;kins [Ref. 8], considers software 
control of system access, security of the operating system and protection * 
against nalfic.ctions. 

Leavitt [Ref. 9], explains how data oompression techniques can con- 
tribute to data security as well as improve system performance. Leavitt [Ref. 10], 
discusses the use and effectiveness of passwords as security devices over pro- 
grams and data. Peck [Ref. 11], reviews access controls, internal system con- 
trols, data transmission controls, and potential and actual violation contr.xjls. 
Reider [Ref. 12], presents some of the elements of a sound control and security 
plan tor oompuuer records. Smith and others [Ref. 13], use both software and 
special hard/are to provide enciphering and deciphering of messages between a 
tenninal and a oonputer to provide protecting of data in transit and in storage. 

Anderson [Ref. 2], points out problems concermng computer security, 
problems of file protection, and oommunication problems. He also discusses 
tediniques of system access control, operating system functions, techrdques of 
file protection, and techniques of security assurance. 

U. Large Memories - Associative Memory is a storage device in wliich the 
storage locations arc identified by their contents rather than by their names , 
addresses, or relative jositions. Hie associative memory is capable of being 
interrogated in parallel fashion througiiout itr. entire contents to determne 
whetlier or not a gi-ven v;ord is stored by directly conparing it vath all words 
stored v/itliout reg-ord for addressing. The a^i^ociative liVDinory can quickly ansvjcor 
the qupinti.on, "Is this v;ord contained in mcniory?' Ihe concept reduces address 
book};GCpinfi, since tlie Iccys ccr'/c as addresses. 

Large Auxiliary M'^'nory is a large storage device in addition to the main 
storage of a computer; e.g., magnetic tape, or magnetic drum. Auxiliary storage 
ur.ually hol^b nvacii lc'a\3::r ^jiouiitr. of infoiTvaficn th.on the. iivrdn storage, and the 
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infomation is accessible less rapidly. 

Ihe intenial iiierarchy of memories must be studied in detail in 
order to use the primary core memory, the associative memory, and the 
large auxiliary m.emory effectively. 

5. Information /^cess 

5.1 Iniiiediatc Access - Tne ability to directly obtain data from, 
or to place data in, a storage device or register, without serial delay 
due to other units of data and usually in a relatively short period of 
time. 

5.2 Parallel Access - The process of obtaining intorroation in storage, 
wherx.^ the time required for such access is dependent on the simultaneous 
transfer of all elements of a v;ord from a given storage location. Since the 
science inforrotion transfer system will undoubtedly be concerned witli 
frequent information accessed in small or larga amounts, information access 
irethods must be considered. Both immediate access and parallel access have 
advantages, and using them interv/ovenly vdll give maximum efficiency. 

Dell [Kef. 1], provides a readable account of a laser mass memory system 
witlt trill \on-bit on-lLne capacity and fast access. Gentile and Lucas [Ref. 2], 
point out tiiat TABLiD:! ia a net;7ork of dedicated computers, special hardware, and 
irass storage devices whidi any UL^ev CPU can access for storage and retrieval of 
dates. T/u3L0M v/as developed to provide ooinmon data base capabilities to dissijailar 
systems aiid to reduce tlic cost, si^ace, and adninistration of larger magnetic tape 
libraries, l^^el [Rof. G], describes tlie T;ajor features of the different t^'pes 
of auxiliary storaoo devices and give selection criteria. Gross [r,ef. 3], defines 
the latra-larger digital Lriroragc system and er.tablishes a boundary bctv;een tliese 
and largo r.tora^e sy;;tcni3. Ilr-iitvor [P.ei. H], surveys the historical developnpnt 
of iMgnetic disks for bul}; stor/ijve applications, covering liarcJ.';are capabilities, 
device di.irac I eristics, some oLlematr/e tedmologies , ar;d ^Kist cmd futui^e li'icr- 
arciiies. 

Penny and o-tiu.'T^s [Kof. 7], discuss tiio design of tiie mass storage systun in 
use at the Inv-rcncc P/idiation Lujoratory, consisting of ."in IBM 1300 piiot.alij'.itol 
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storage system and a CDC 854 disk pack for indices. Katzan CRef. 5], surveys 
various stoi^ge hierarchy systems and gives a state-of-the art analysis 
covering basic storaso hierarchy concepts, addressable storage, storage man- 
agement, and data organization and management. 

6, InfoiTnation Retrieval System 

A system for locating and selecting, on demand, certain documents or 
otlier grapliic records relevant to a given inforroation requirement from a file 
of such material. Exarnples of informtion-retrieval systems are classifi- 
cation indexing and maiiine searching systems. In order to make the science 
infomation transfer system efficient in the area of locating and selecting 
data from la2?ge files , a study of retrieval systems is necessary. The use 
of a hashing technique to allocate space for overflow records. Under certain 
conditions this is 3i\o\-ji\ to be superior to the conventional method of chaining. 
Price [Kef. 9], describes several table hookup techniques, including sequential 
seardi, nerge searcl'i binary search, estimated entry, and direct entry. 

Bennett [Ref. 1], states that the Negotiated Search Facility (IISF) 
iia<es possible index-controlled retrieval of infoimtion from a collection 
data base using tools beyond those available in a traditional bibliographic 
catalog. 

Bade [Ref. 1], rx2viev;s studies of infomntion dissemination as a basis 
for detennijiing hov; on-line retrieval can best compete witli a multitude of othier 
sources of references and presents criteria that the system should satisfy to be 
as vadely used and as cornpr^^liensive as otlier reference retrieval mathods. Barber 
[Ref. 2], states the principles upon whidi the Technical Indexes system v;as 
based, with poi-ticular reference to the advantages of microfilm, and discusses 
tl-ie factorr; involved :ln tiie dcGifn of the retrieval system. Hoffman [Ref. U], 
introduo:;'^ a largc-cca3.c infonration retrieval system developed for processing 
DaTont iifonration files. Ihc use of throade ' lists, in addition to inverted 
files, to i>jnpit ontijr.um soarchLng is a very iiiTportant feature. 

Jardine Cu\d Vim Pdjsba.. gen [Ref. 5], introduce information retrieval 
strategic:; v;hidi oi-v: ba^od on autorruitic hicrardiic cluctering of documents. 
Tncy sha; tr.at cli!.. :''.':-^ba.:od r>:;tricval str-atcr.ies are cis effective as linear 
a'-.sociativc r^jtriov.d slraLcglcr; and mudi norc efficient. Tliey also outline how 
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clustered-based retrieval may be extended to large grxDwing document ooUections. 
Johnson and Bri^^s [Ref. 6], make the observation that holography is one of the 
most promising methods now under research for the achievement of high bulk 
storage with fast random access at a reasonable cost. 

Walston [Ref. 11], discusses the infonration-storage and retrieval 
cycle, automatic docur.snt indexing and classification, automatic aids to re- 
trieval and dissemination, and automatic fact retrieval and gives types of re- 
trieval. 

WilliainG [Ref. 12], points out that an effective man-machine interactive 
retrieval system requires a sequence of steps in which man and machine alters 
nately take action. He also introduces an on-line interactive system, Bm-.^ser, 
and discusses the objectives of tiie development of this system. 

^* ^pects of Automation of Information Syscv3n v;ith Respect to the STITE 

Automation can be defined as the production by devices or machines that 
are self-acting v;ith respect to predetemined processes; e.g., making automatic 
the process of moving v/ork from one machine to the nejct, the theory, art, or 
technique of making processes self-acting, or the investigation development, or 
application of procedures toward making automatic tJie processes of self-move- 
ment and self-control. 

The aspects of automation of information systems with respect to the 
project are: 

1.1 /Abstracting - Searching for the criteida by v;hidi human beings 
judge wlut should be abstracted frem a docur. int as programmed. 

1.2 Automatic Chedcing - Processors are constructed aiid designed for 
verification of infonrat.ion transraitted, computed, or stored. 1}ie pro- 
cedirre i.r; complete when all processes in the iiudiL-ie are automtically 
du-idcod, or else tiic died: is considered a partial verification. Partial 
chcdcing ccncoms either trie mr.i^er or prorx)r'tion of the prxDcesscs that 
arc- dv.'-.-J-o'l, or t'.c niriior aivi i-ropDrtion of the madiinc units that ore 
assigned to diod«;ing. 
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1. 3 Automatic Coding - A technique by which a machine translates a 
routine written in a synthetic language into coded machine instruct- 
ions, e.g., asseirbling is automatic coding or various techniques and 
methodology by which a computer is utilized to translate programs from 
foimts wtiich are quick and easy for prograimiers to produce into forroats 
which are convenient and efficient for the conputer to execute. 

l.H Autonatic Error-Correction - A technique, usually requiring the 
use of special codes and/or autonatic retransmission, that detects and 
corrects errors occuring in transmission. The degree of correction 
depends upon coding and equipment configuration. 

l.S Automatic Prograiuning - A technique by which a machine converts 
the definition of the solution of the problem into a series of ordered 
procedures and operations that can be automatically coded, or the 
method or technique whereby the computer itself is used to transform 
or trmslate progranming from a language or form that is easy for a 
human being to produce, into a language that is efficient for tlie com- 
puter to carry out. Examples of automatic programming are compiling, 
assembling, and interpretive routines. 

Corr>3ctiri^ Codes for Exchange of Information Betv;een Computers [Ref. 2], 
proposes tvro codes v/ldch arc comparativGly easy to implement by means of computer 
prograie and wlddi correct arbitrary errors in a machine word and one or two 
adjacent words. Harximg [Rof. 6], develops a table set of perfonnance equations 
for error detecting and ooitxicting codes in a random-error-environment. 

LignoG [Rof. 7], suggests an approach to selecting a burst nrror correct- 
ing code aiid describes its hriixb/are imi:>lcmentation. VMTlner [Ref. 10], rjvicv;s 
parity chcddnr^ sdie?nes for nv=ignetic tape, disk, and drum devices. 

Douglas [Ref. 3], preseiits computer monitoring of assembly processes as 
means of aducving bettor ipjuiag'^ment c^sntrol over production oixjrations. 

Rush and otlior [r.-;f. 8], report on the development of tcdmiques for 
tlic auto/iatic production of higii quality abstracts from the full text of the original 
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document. The rnost significant contribution of this paper is the point that 
an abstract can be produced by rej'^'^ting sentences of the original which are irre- 
levant to the abstract. Methods of sentence selection and rejection are also 
discussed. Edmundson [Rof. 5], describes new methods of automatically extracting 
documents for screening purposes. His methods treat not only the presence of 
higli-frequency content v;oxds (key vjords) as one component of sentence significance, 
but also pragmatic v;crd3 (cue words), title and leading worxds. and structural 
indicators (sentence location). Edmundson and V.Vllys [Ref. 4], present a new 
ooncepi: in autornatic analysis, the relative-frequency appreach to measuring the 
significance of v;ords, v;oi\i groups, and sentences. 

8. Applications of Compubers in Education 

Project STITE is concerned with the application of computers as methods 
of instruction, not with data piocessing in general. These applications inclUde 
developments in optical scanning devices, language translation machines, computer- 
assisted instruction, and rapid document-retrieval systems. Ihe STITE system will 
definitely be using the computei- as tlie major factor in infonnation transfer. 

Braunfeld [Ref. 4], reports on the use of the coii^uter-based PLATO II 
system to teach a group of undergraduates some topics in computer programming. 
It appears that tiio system tauglit this subject matter effectively. He also dis- 
cusses economic feasibility and future plans. 

Goodlad and others [Ref. 15], gives an overview of education and computer 
ted-ino3op;>', discuss finctional areas of computer applications in education, and pC'int 
out future advances in the field. 

Chapm.ai-1 and Carponter [Ref. 11], say that automation of the instructional 
process miy v;ell i-cvolutlonlze tiie field of education. They d5.scuss the breader 
picture of tlio r*20oard\ effort in autoinated tutoring and describe a project on 
automated tutorinr,. 

Zinn [P.-^f. 25], provides a fraircv/ork, a few specific examples, and re- 
ferences to more detailed infonration concerning instructioncLl uses of computers. 
He also discu:;ces cuiTcnt problenc aiid the potciitials for interactive instruction 
systair:, 

Busiinoll Olid /illcji LP.of. 8], edit nineteen papc.>rs pirjsented in an invitat- 
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ianal conference on the present and future role of the digital computer in 
American educatioi in IJoveirior, 1965. Those papers are divided into H groups 
of interest: 1. individualized instructions and social goals, 2. Conputers 
in instruction and research, 3. Teaching the conputer sciences, 4. Information 
processing for education systems. 

Bushnell [Ref. 7], presents a computer based teaching system, that is 
being tested at System Development Corporation (SDC) to nake teaching more 
effective. Bushnell [Ref. 6], nvnkes the observation that the on-line use of 
the computer for teacliing mthematics , the sciences, and related subjects is 
buurgeoning at all levels of education. Ke also discusses simulations and gaming, 
n&7 tools for education, informtion utility, production and evaluation of curri- 
culum materials, and time-shared computer systems. 

9. Information Dissemination 

The STITil project v;ill be concerned only vdth the dissemination of 
educational information. It will be necessary to deterrdne major sources of 
educational infon.mion, the forms in whidi it is found, hCM it is disseminated, 
who uses it, and its cost and effectiveness. 

Dumas Ciief. 2], reviev/s ways and means of disseminating, retrieving, and 
utilir.Lng r>33earch and demonstrating results. Green [Ref. 5], describes how 
Colorado schools arc infonned of the use and scope of instructiaial media and 
detenni»v33 the best irethod of disseminating the information. 

Untelak, Lie. [Ref. 3], deals v;ith the establisliment and operation of 
ar. "Uxchcinge of Information" cimong universities, corporations, and government 
agcncios concemcd v/ith the use of the computer as an aid to the instructional 
proccGs. Farr [Ref. U], prc^HCjnts tlie role of the "Knowledge Lin};er" and an 
interperjonal nct;-;ork of cornrnunication vauiin a target audience. 

Gi'^imcs [Ref. 6], describes a reg:-onal information system v;hich is designed 
to provide an effective, systematic netnodology for linldng users vdtli relevant rc- 
sourco'i, and givorj an overvicv; of tjie liistory, structure, and utilization of the 
infon.-ution system. 

Havre [i;ef'. 7], ichntifies, c-jivtiiosizcs, and evaluates shar^^d Gcr\dces 
of re3cai-di and riov--dop::i:3nt tliixju;viout tiic; n^action and pr>::3aits a model of shared 
infoiTvr'cIon sorv.LC-'>c to r'oral. oOuo-it-or.;, 
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V. LEABNING SYSTEMS AND TOOLS 

1. lypes of Learning Systems and Learning Tools 

Leamijig systems are broadly defined as technology-aided instruction/ 
leanung facilities which allow learners to interact with organized learning 
materials stored in an aniniate, manipulable device or memory. 

Lcarmng tools comprise prijnarily devices and mechanisms for accessing 
knowledge in science and technology. 

Before trying to analyze and design a science information transfer system 
that transfers science infomation from its present reprositories into science 
learning systems, we must study the oonponents and characteristics of the existing 
leanung systems and the learning tools used to determine v*iat and how the science 
information transfer system can be of help in achieving the objectives of these 
learning systems using certain learning tools. 

1.1 Conventional Learning Systems 

-Lecture - A discourse given before an audience expecially for instruct- 
ion. The learning tools sometimes used in a lecture are: books, 
paper, pencils, pens, crayons, paL.ts, brushes, blackboard, chalk, 
musical instruments, attdetic equipnents, slide rules, overhead projector. 

-Seminar - Guided study by a group of advanced students on a parti- 
cular subject, each studcjnt doing some original research, and all ex- 
dianging results by infornal lectures, reports, and discussions. The 
tools used: boolcs, paper, pencils, pends, blackboard, chaUc, overhead 
projector. 

-laboratory - A place devoted to experimental study in any branch of 
natural science or to the application of scientific principles in testing 
and analysis. Tlie tools used: books, paper, pensils, pens, blackboard, 
chalk, optical microscopes, telescopes, apparatus of all kinds, electric 
miscroscope, still cameras, binoculars. 

-Dcnonstration - Ihe act of making knavn or evident by visible or 
tangible means, as indication, sign, show, or manifestation. 

-Field ITip - Visit to an (^stal^liclmient or inctitution for purpocc of 
observing activities oirried on there. The tools used: public libraries, 
art gallcricj], mu^eunio, businesses. 
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-Graphic bfeterials - Almost any illustrative material can be considered 
graphic in nature. (Indeed, any printed matter falls, technically, into 
this categary). Gmphic materials can also be considered as special 
mterial in the audio-visual field. The graphic mterials of interest to 
the project a2?e graphs, charts and diagrams, and pictures. The tools 
used: paper, pencils, pens, blaa^ard, chaUc, i^es, camera. 

1.2 Non-Conventional Learning Systems 

-Programmed Instruction - According to Shrainm, programned instruction is 
the kind of learning experience in vMch a "program" taices the place of a 
tutor for the students and leads him through a set of specified behaviors de- 
signed and sequenced to make it more probable tiiat he will behave in a given 
desired v/ay in the future. Therefore, programmed instruction is a kind of 
memory of learning mterials used to support the self-instruction process. Tools: 
four-button machine, new communicator, koncept-o-graph, auto-tutor, cos^juter 
terminals, con^uter. 

-Ocnputer-Assisted Instruction - CAI is a concept that applies computers 
specialized input/output display tenninals directly to individualized student 
instruction. The te:<± materials being generated by researchers for instruction 
are entered into the coniputer throu^ the use of simplified codes operated for 
the most part vdth natural-language inputs. Computer^assisted instruction is 
obviously a kind of conputer application in education, and like programmed in- 
struction, it also is a kind of mGraory of learning materials to support the self- 
instruction process. Tools: computers, input/output devices, display, terroinals. 

-Toad ling Ikdiine - According to Fine, the teaching madnne is a self-teaching 
device that helps the student lean faster and in a different v/ay. But tlie teaching 
machine is not only a machine. It is also possible to get the same principles from 
a progponnod ixxjlc. It is v/hat goes into the pages of the book that is important. 
E>cperijnGnts sha; tl-iat there is little diffcrc:nce betiveen a "hardware" type of 
teaching machine and tiw book type of teadiing machine. Bo1±i booJcs. and madiines 
depend upon prograiirnad instruction to do an adeqmte job. Tools: multifarious 
teadiinc mdunGo. 

-AudioviGual "otliodo and Ilatcrials - Tiie principal receptors of infomntion 
aro tlic eye:: and ear::;, oncl thcra e:d.Gtr. substantial evidence that many of the 
factors involved in Ic^nming dq>Qnd on the dioicc of tlie receptors 
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enployed. An effective learning system thus must be capable of trans- 
mitting simultaneously visual and audio information. Such a conjoint 
transmission is desir^le in both skill and cognitive learning,. Tools: 
films, tapes, tape recorders, televisions, film strip projectors (some 
with sound tracks), movie projectors (witli sound), record-player and 
records, ALF. 

2. General :-:ethodolog\^ Used for Designinr; Learning Sysi ans 

We v;ill investigate the general methodology of designing learning systems 
in detail in order to provide criteria for evaluating these learning systems and 
learning tools. 

1.1 Human Interface in Learning Systems - The transfer of information from 
science information banks to other repositories vn.ll proceed via a human in- 
terface. In the case of science learning systems such an interface is the 
author or editor of the stored curricular materials. For example, the pre- 
paration and recording of learning materials in ALF is normally carried out 
by faculty subject specialists. 

1.2 Gener^ i-fethodology Used for Designing a Course - By investigating tlie 
general netiiodolog'/ used for designing a course, it may be possible to find 
the stops in this r.iethodology that need help from the science information 
transfer system. 

1.3 Curriculum Development - CurricuJ.um nviterials are basic to the sdiool 
experience i texts, filire, and wor]djoo:cc; ore the mainstays of instruction, 
esp'icially in the early grades. Until recently the development of these 
matericils follo'.-;od rclatively predictable patterns. Materials were some- 
timcis generated in an ad lioc v/ay by teachers vjorking in -tlio schools, but 

the major dir^jction of curriculum development generally camo. from the comncr^ 
ciol publisninp, housea, where tlie p'jblir.ucrs woriced on the usual autlior^editor 
mDdol. Attention to the development of nev7 ::ourcc3 can reveal the courses 
that need liclp from the science infoiination transfcjr syatcm. 

A flow ci^.di-'u doscrlLLig a gcneraj. ir-atiiodolo^y for preparing a ooui^ic will 
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be developed. In this flow chart it should be possible to identify the 
steps in ^^ch a science informtion transfer system can be utilized. 

m Mental Process of Human Informtion Transforaation - An understanding 
of the mental processes throu^ which authors of learning materials 
acquire, evaluate, organize, and integrate n&.-) inforroation into the subject 
matter of existing, organized science curricula vdll be necessary for the 
SHTE project. 

After those key elements of the mental processes are identified, they 
can be considered in attempts to assist the transfer of science information 
into education by machine aids. 

3. Evaluation of Learning Systems with Respect to Project Objectives 

An evaluation of conventional and non-conventional learning systems should 
reveal those systems wliich vail substantially benefit fran a science information 
transfer system. 
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A. SA>PLE OF LETTER REQUESTiriG IMFOIWION 

^orgia 

stitute 
f 

^ChnolOgy school of WFORMAVON and computer SatSCEl (404) 894.3 1$2 / ATLANTA. GEORGIA S03S2 



Dear 

VJe are currently working on a US? sponsored project, the objective of 
which is to study, design, and experinentally evaluate man-mchine mechanisms 
for enliandjig tiic transfer of science iRformation from its present repositories 
into science learning systens. In particular, we plan: 

1. To describe operationally the process of transfornation of science 
information system oirtputs for the purpose of integrating them 
into the content of science learning systems (i.e., coir^^uter based 
as well as routine class-room type educational systems). 

2. To investigate comparatively the design and opei^ating characteristics 
of science information systems and science learning systems, par- 
ticularly fra-^.! the viewpoint of requirements for transferring in- 
formation befc'/een thorn via a irvan-mchine interface. 

3. To ir.nplement on exTorimental design of limited transfer mechanism 
from appropriate odst.lrg science informtion systems into 
science learmjig systems and to evaluate the cost effectiveness 
of 'tJiat m.echaniii'm. 

To ad-iieve the above-stated goals of our project, \-ie collect and analyze 
inforraation on the follov;irig topics: 

1. State-of-the-art of computer based science learning systems, their 
operational diaracteristics , tcadiing procedures and the mctliodology 
of cour-nc prejAiration in the concerned science learning system. 

2. State-of-the-art of e>d5tijig operational science information trans- 
fci-^ nvjahanisi.TJ , and tlie procedural details involved. 

3. Dct.allc: of the fonns of available outputs from tliesiience information 
repor;itoriGS to Iccimer/cducator coirmunitics. 

It v.'ill be rr>?atly appreciated if you con send us v;hatevcr relevant docummts 
and rcp«->rtT. .xi-Ki nvciiloble at your c-entor on the above-mentioned topics. If you have 
any nu-Ttionr: re^/ir^ing oui-^ pix^ject or inlbniation v/c anr -quoctirig, please call us 
collect. 

Ihan}; you for your ar.ni.stancc. 

Sincerely yours, 

Q Pronas 7.undc 

E^C Project Director 

Scliool of Infonititi.on and Coniputor 
- ^ I 
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University Park 
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Mr. T. Kottenstett 
Denver Research Institute 
2050 E. Iliff Avenue 
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Mr. H. E. Baker, General Manager 
Scientific and Technical Information 
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CollCije Park, Maryland 



Miss Becky Walker 

North Carolina Science & Technology 

Research Center 
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Mr. Jerry Harrison 
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C. VISITOR FRO;t INSTITUTE OF LIBRARY RnSEARCII 



Mr. Allen Humphrey of the Institute of Library Research, University 
of California at Berkeley, visited the campus on April 5. In conference 
with the staff of STITE he discussed the work of the Institute and more 
particularly his participation in a study of the Educational Resources 
Information Center conducted by the Institute. 

The primary purpose of the Institute of Librr::y Research is to in- 
vestigate the application of technology to library practices, Mr. Humphrey 
oqUained; and he has been involved with a number of their research pro- 
jects, including the development of an information processing system and 
a bibliographic file procedure, both of which are used in laboratory pract- 
ice by library school students. He also worked on a lesser project in con- 
textual ir Jexing and on the production of a union catalog iv^ book form for 
the nine libraries of the University of California system. » 

For the purposes of the STITE project, Mr. Humphrey's association with 
ERIC was most relevant. ERIC is a nationwide decentralized information 
system designed to disseminate and promote the use of educational inform- 
ation. Researc h in Education processes approximately 1.000 items per 
month on magnetic tape, excluding journal articles, and Current Index to 
Journals in Educati on processes approximately 1500 items from journals each 
month. Both indexes receive their materials from 16 clearinghouses over 
the country, each clcarinj;house liaving its own subject specialization. In 
addition, the clearinrjiouse on vocational and technical education infor- 
mation produces AIM and ARM, abstracts of instructional and research mat- 
erials in that field. 

Approximtely 100 orj',anizations presently receive ERIC tapes regu- 
larly, of which 25 to 30 are active users. Users are primarily state or 
regional education a-oncies that service requests from the education conrniun- 
ity and universities and colleges that service requests from professors and 
students of the acaflomic community. 

Direct utilisation of ERIC 'iapcs by the STITE project was discussed, 
without conclusions. Technology presently exists for some possibilities, 
such as the direct transmission of a bib] iograpliy for updating a course 
to a teacher at a tcrr.iinal, but further investigation will be required to 
assess t.;c potential oi' i:;UC tapes for STITE, purposes. 
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D. Interview; at Mational Medical Au±Lovisual Center 

Name of Interviewee: Mr. Robert T. Tumbull 

Audiovisual Systems Analyst 
NMAC 

Tijne and Date: Tuesday, April 3, 1973 

Intervic'./ing Persons: N. V. Subramanian and Khalid I-Iafiz 
Motes of the interviev; are written by : 

N. V. Subranonian 

Research Analyst 

School of Informtion and Computer Science 
Georgia Institute of Technology 

In the opening of the interview, the overall objectives of the pro- 
ject, STITE, vjere explained and in particular the concern of the project with 
educati.onal systems and the analysis of audiovisual systems used for educa- 
tional purposes. 

Mr. Tumbull initially discussed at length the details of the equip- 
ment displayed in the ksaming Resource Center at mc. Ihen he gave cost 
figures for that eGjailnnent. One interesting fact he mentioned was that in 
designing ^ome of the ne'.-; systems, the time factor involved malces it obsolete 
ty the tiiTie it is ready to operate. Ihis necessitates very frequent updatijig 
of the jlnfqn.'B.tion content of the particiaar audiovisual learning system vjhich, 
in turn, incurs cane additioncil personnel costs. 

I'Ir. Tumbull also mentioned tliat,i;i the case of audiovisual systems v/liich 
use slidno of modela, the production of the nDdels and of the slides should be 
artistican.ly v;ell done; othcr.v'ise the leanier-participants find the cystan 
p'iydiOlcr.ically rcr'.ilsive and the intended goals may not be achieved. In order 
to achinvc the intended r.oals of artistic accc?ptal^ility in designing an audio- 
visual pr-c^Gcntation , conGideiul.'lo cor:t is incarrcd. Mr. 'IUmlJU.ll furLiior added 
tkit in years to eor«, v.iien tiie corvt o: t-he audlovir;u;il aiuipiKint docrcasocj 
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substantially, there is a great potential in the widespread use of audio- 
visual techniques in the learning of medicine. He also implied that such use 
of audiovisual learning systems can be extended to several other fields of 
science and technology. 

In the course of the interview, Mr. TurnbuU explained and demonstrated 
the mobile audiovisual center (CML-IO), 3M study carrel, Aeonstic carrel. No. 200 
series A-1, and closed circuit TV educational programs. 

In the concluding part of the interview, Mr. Turnbull expressed his opinions 
about Science information transfer for education from Science information repo- 
sitories. He strongly felt that local institutions for years to come have to 
bear the design and developmental responsibilities of audiovisual learning 
systems, using whatever information they can procure from science information 
repositories. He also felt that there is some unwillingness on the part of 
institutiom that design and develop such systems to of fee them freely to other 
institutions in a different geographical location. 

Prom this interview, it is inferred that local educational institutions 
must bear the responsibility for transforming information that is available 
from science information centers into structures that can be used in their 
particular educational systems. There are some implications of NMAC for the 
STITI- project. In t!ic future, the video-tapes, movies and slides of tech- 
nological expcrincnts and ncdical operations which arc otherwise difficult to 
conduct, or even to simulate, at educational institution can be delivered to 
educators from Research Centers and the Science information systems for the 
benefit of the educator cor.;r.unity. In addition v.hcn the cost of data transmission, 
and particularly the cost of picture and graphic data transmission, decreases 
considerably, it will be IVax-ible to hjivc on line trnnmission of knowledge from 
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science infonration systems to the learner community. 

In the concluding part of the interview, Mr. Tumbull gave us the 
following catalogs: 

1. "Tavarxl Improved Learning," vol. 1, vol. 2, U.S. Department of 
Health; Education and V/elf are/Public Health Service. 

2. 1-fotion Pictiire Film Catalog. 

3. Videotape Catalog. 

Ihe above catalogs explicate the details of the design of such audio- 
•visual leaniing systems. 

« 



ERIC 



